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PART  Mi 


CHEMICAL  EXAMINATION 
OF  NATURE, 


Hatiwc,  ifv  the  First  Pfirt  of  this  Work,  given  ft  vtrf 
fvM  detail  of  the  principles  of  Chemistrj,  and  a  de- 
»cription  of  ihc  different  Substances  with  which  it  is  nc- 
Ctuary  for  the  Chemist  to  be  acquainted,  I  propose^  !n 
thit  Second  Part,  to  take  a  view  of  the  dilFerent  sub- 
mocei  at  Ihejr  exist  in  nature,  constituting  the  material 
woildi  that  vvt  may  ascertain  how  far  the  science  of 
chemistry  wiil  contribuie  towards  explaioing  their  na- 
ture, and  accounting  for  the  difTerent  changea  which 
they  produce  on  each  other.  Now  the  dlfTerent  sob- 
stance!  of  which  the  material  world,  as  far  as  we  have 
iccess  to  it,  is  composed,  may  be  very  convenientJy  ar- 
rmoged  under  the  five  followttig  heads  ; 

!•  The  Aimospbcre^  4.  Vegetables, 

5»  Waters,  5«  Animals* 

3*  Minerals, 

These  five  divisions  will  form  the  subject  of  the  five 
rolkwing  Book<(. 


BOOK    L' 


BookL 


OF  THE 


ATlAOSPHERE. 


I  HE  atmosphere  is  that  invisible  elastic  fluid  which 
surrounds  the  earth  to  an  unknown  height,  and  encloses 
it  on  all  sides.     It  received  its  name  from  the  Greeks^ 
in  consequence  of  the  vapours  which   are  continuallj* 
snizing  with  it.     When  the  chemist  turns  his  attention 
to  the  atmosphere,  there  are  two  things  which  naturally 
engage  his  attention  :  F«rsty  to  ascertain  the  substances 
of  which  it  is  composed  ;  and,  srcondly,  to  trace   the 
changes  to  which  it  is  liable.     I  shall  therefore  divide 
this  Book  into  two  Chapters.      In  the  first,  I  shall  ex. 
amine  the  component  parts  of  the  atmosphere  ;  Pod,  in 
the  second,  examine  the  changes  to  which  it  is  liablq^ 
under  the  title  of  Meteorology. 
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^EITHCR  the  properties  nor  the  coib position  of  the  Opinioos  d 
atmosphere  seem  to  have  occupied  much  of  the  auen-  tJieanaentj, 
fioo  of  the  antients,  Aristotle  considered  it  as  one  of 
the  four  elements,  situated  between  the  regions  of  w^#rr 
aodjfr/i  and  oiingled  with  two  exbaiattonSf  the  dry  and 
the  moiii  ;  the  first  of  which  occasioned  thunder,  lighu 
ning,  and  wind  ;  while  the  second  produced  rain,  snow, 
and  haih  The  ancients,  in  general,  seem  to  have  con* 
uitrtd  the  blue  colour  of  the  sky  as  essential  to  the  at« 
noiphere  ;  and  several  of  their  philosophers  believed 
that  it  was  the  constituent  principle  of  other  bodies,  or 
it  leisl  that  air  and  other  bodies  are  mutually  converti- 
ble into  each  other  *«  But  these  opinions  continued 
b  the  state  of  vague  conjectures,  till  the  matter  was  ex* 
phbed  bjr  th^  sagacity  of  Hales,  and  of  those  philoao* 
pberi  who  followed  his  illustrious  career* 


*  Thiu  Locmiui : 

Semper  cnim  quodctiiiquc  Unit  dc  rcbui,  id  omoc 
Aiijl  in  magnum  fcf  tur  marc :  qui  niu  contra 
Corpof:!  rctrlbuat  rebui,  rccrteitjuc  flucnteii, 
Omnk  j&ro  retoluta  forenc,  ct  iii  acn  veru, 
Haq4  i^cur  ceuat  glgtti  de  rebus  ct  ui  rca 
E»ddcr«  aiiiidue,c{i]OiiUm  flifcrc  omma,  coAst^t. 

A2 
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covro3iTr(iK  or 

'■^ :  ^vaa  aot  till  the  time  of  Bacon,  who  first  tavgh:^ 

.:>     Tnm&xnd  to  investigate   natural  pKeiioinena,  that  th 
.-.rno^Diiere  began  to  be  investigated   with  precision^iB 
Jaiiic'j  mtradiiccd  the  study  by  pointing  out  its  weight 
I  Miaijfct  which  was  soon  after  investigated  completcl^^; 
jv  Tarricelli,  Paschal,  &c.     Its  density  and  elasticit^r 
were  ascertained  by  Boyle  and  the  Florence  Acadenni  — 
::ans.   Mariotte  measured  its  dilatability ;  Hookc,  New  . 
:ciT«  Boyle,  Derham,  pointed  out  its  relation  to  light,  to 
souxid,  and  to  electricity.     Newton  explained  the  efftct 
produced  upon  it  by  moisture  ;   from  which  Halley  at- 
tempted  to  explain  the  changes  in  its  weight  indicate'd 
br  the  barometer.     But  a  complete  enumeration  of  the 
discoveries  made  upon  the  atmosphere  in  general  be- 
loDgs  10 pneumatics  ;  a  science  which  treats  professedly 
of  the  mechanieal  pro])erties  of  air. 

The  knowledge  of  the  component  parts  of  the  atmo- 
sphere did  not  keep  pace  with  the  investigation  of  its 
mechanical  properties.   The  opinions  of  the  earlier  che- 
mists concerning  it  tire  too  vague  and  absurd  to  merit 
any  particular  notice.      Boyle,  however,  and  his  con- 
temporaries, put  it  beyond  doubt  that  the  atmosphere 
CiNiifM^neot   contained  two  distinct  substances.     1.  An  elastic  fluid 
m^'  "hew    distinguished  by  the  name  of  ait.    2.  Water  in  the  stale 
of  vapour.     Besides  these  two  bodies,  it  was  supposed 
that  the  atmosphere  contained  a  great  variety  of  other 
substances,  which  were  continually  mixing  with  it  from 
the  earth,  and  which  often  altered  its  properties,  and 
rendered  it  noxious  or  ffttal.     Since  the  discovery  of 
carbonic  acid  gas  by  Dr  Black,  it  has  been  ascertained 
.    'Hfk  this'elaatic  fluid  always  constitutes  a  part  of  the  at- 
The  constituent  parts  of  the  atmosphere 
are^ 
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J*  Air^  3,  Caibooic  acid  g3$^  Chjf.L 

2i  Watcr^  4.  Unknowa  bodies.  "~ 

*c  shall  form  the  subject  of  the  four  follovvi|^g  Scc- 
3i»     Bat  bt:!'  cccding  lo  ;^>ccrtaiQ  their  proper* 

1*^^51,  and  the  jj    ,  i  in  whicl^  thej  exist   in  nir,  it 

'ill  be  v^ortb  while  to  endeavour  tQ.filciil 
^^^on(  of  ihc  whole  nf  the  atmosphere  which  u^iwmid^ 
t\ic  earth.     This  will  put  it  in  our  power   fo  slate  the 
^mouot  of  it«  different  constituent   paits^  sind  of  course 
to  see  how  fsir  the  quantities  of  each  a|;ree  with  the  dif* 
fcreni  chemical  theories  which  have  been   maintained 
concerning  the  influence  nf  thtsc  btiLlics  on  the  different 
ft^tngdoms  of  nature. 

Mechanical  philosophers  have  demou^tiated^  that  the  Ut  ab^^bte 
'weight  of  a  colunoo  of  the  atmosphere,  whose  base  is  "  ^" 
an  inch  f^quare^  i*i  equail  \a  a  column  of  mcrcuxy  of  tht 
smnie  base,  and  balanced  by  the  atmosphere  iu  the  ba* 
romccical  tube.  Now  let  us  sMppow  the  raeau  height 
^f  the  barometer  to  amount  to  nearly  3Q  inches.  Let 
R  denote  the  radius  of  ihe  eaflh,  r  the  height  of  the 
mcroirj  in  the  barometer,  «  the  ratio  between  )he  cir- 
ciimfeieDce  of  a  circle  and  its  diameter.      The  solidity. 

of  the  earth  is  - — —  ;  the  sofiditjr  of  the  sphere  com. 

posed  of  the  earthy  and  a  quantify  of  mercurj  sur* 
rotiitding  it  equal  to  the  weight  of  the  atmospbere,  ia 

iJS  JiZi-,     Consequently  the  solidify  of  the  hollow 
^en:  of  mercury  equal  to  the  weight  of  the  atmo- 

0^ — uoT,  tjcglecting  the  terms  containing  r*    and  r*. 
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Book  T.  ^  4  ir  R*  r.  This  formula,  by  substituting  for  r,  R*,  tnd 
r,  their  known  values,  gives  the  solidity  of  the  hoU 
low  sphere  of  mercury  in  cubic  feet.  But  a  cubic  foot 
of  mercury  is  nearly  equal  to  X3»5000  avoirdupois 
ounces.  Hence  the  mean  weight  of  the  atmosphere 
amounts  to  about  I,011yl63|227»258,i81,818lbs.  a. 
▼oirdupois. 


SECT.  I. 


OF  AIK, 


Xrb  word  AUt  seems  to  have  been  used  at  first  to 
denote  the  atmosphere  in  general ;  but  philosophers 
^^/^  afterwards  restricted  it  to  the  elastic  fluid,  which  con- 
attttttes  the  greatest  and  the  most  important  part  of  the 
atmoqdieTe,  excluding  the  water  and  the  other  foreign 
bodies  which  are  occasionally  found  mixed  with  it.  For 
many  years  all  permanently  elastic  fluids  were  consi- 
dered as  air,  from  whatever  combinations  they  were  eii:« 
tricated,  and  supposed  to  possess  exactly  the  same  pro- 
perties with  the  air  of  the  atmosphere.  It  is  true,  in* 
W  deed,  that  Van  He Imont  suspected  that  elastic  fluids 

possessed  different  properties;  and  that  Boyle  ascertain, 
ed  that  all  elastic  fluids  are  not  capable  of  supporting 
combustion  like  air.  But  it  was  not  till  the  discoveries 
of  Cavendish  and  Priestley  had  demonstrated  the  pecu^ 
liar  properties  of  a  variety  of  elastic  fluids,  that  phi* 
losophcrft  became  sensible  that  there  existed  various 
species  of  tlicm.     In  consequence  of  this  discovery,  the 


Aim. 


I 


I 


I 
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w6fd  fltV  became  generic,  and  was  applied  by  Priestley,  diap.  h 
and  the  Biitts»h  and  Swedish  philosophers  in  general,  to 
all  perm'<ineiitly  eUstic  fluids^  white  the  air  of  the  at- 
TDosphere  was  distinj^^utshed  bj  the  epithets  of  common 
or  ntmnfphtric  atr  r  but  Macqaer  thought  proper  to  ap- 
ply the  term  gas^  first  employed  by  Van  Helmont,  to 
alJ  permaneDtJy  elastic  fluids  except  common  air,  and 
to  confine  the  term  air  to  this  last  fluid •  This  innova- 
tion  wa^  scarcely  necessary  ;  but  as  it  has  now  been 
(eneraUy  adopted,  it  will  be  proper  to  follow  it.  By 
the  word  mr^  then,  in  tbts  Section,  I  mean  only  com- 
mon  rtiV,  or  the  fluid  which  forms  by  far  the  greatest 
pirt  of  the  atmosphere. 

The  foreign  bodies  which  are  mixed  or  united  with 
ir  in  the  atmosphere  are  so  minute  in  quantity  com-  '**' 
yared  to  it,  that  they  have  no  very  sensible  influence 
-on  Its  jiropcrties.  We  may  therefore  consider  atmo- 
spheric air,  when  in  its  usual  state  of  dryness,  as  suili- 
^icQtly  pure  for  examination.  ' 

1.  Ait  IS  an  elastic  fluid,  invisible  indeed,  but  easily   Specific 
rtcognixed  by  its  properties.      Its  specific  gravity,  ac-  ^^^^^' 
oordtng  to  the  experiments  of  Sir  George  Shuckburgh, 
when  the  barometer  is  at  30  inches,  and  the  thermome- 
ter between  50**  and  tiO°,  is  usually  reckoned  I'OOO  :  It         * 
is  8Xfi   times  lighter  than  water*     One  hundred  cubic 
ixic))es  of  air  weigh  31  grains  troy. 

But  as  air  is  an  elastic  fluid,  and  compressed  at  the  Dimity 
surface  of  the  earth  by  the  whole  weight  of  the  incum. 
bent  atmosphere,  its  density  diminishes  according  to  its 
hetghc  above  the  surface  of  the  earth.  From  the  cxpe* 
rimeots  of  Pa%chal,  Deluc,  General  Roy,  &c,  it  has 
4>eeii  ascertained,  that  the  density  diminl&hes  in  the  ra* 


li#  of  Ibe  eoaiprnfioB.  Cooteqiicatl/  the  densicj  dt- 
ia  ft  geonictrical  progrctuoD,  while  the  heights 
ia  ao  tritboietical  progmsion. 
Baagmn  hmd  totpeeted,  fmb  his  obserrstioos  made 
«n  the  Andes,  tbtt  at  eoasiderable  heights  the  deotitj 
of  the  air  is  no  loager  proportional  to  the  eonpreasing 
force  ^ ;  hot  the  ezpe^aieott  of  Saassore  joniory  made 
apoo  Moant  Rose,  have  deoioastraied  the  contraiyf  • 

^^*^^'  2.  Althoogh  the  skj  b  well  knowa  to  have  a  blue 

colour,  yet  it  cannot  be  doubted  that  air  it|elf  u  alla«' 
gether  oolourlet s  and  invisible.  The  Uue  ooloor  of  the 
sky  is  occasioned  bj  the  vapoars  whidi  are  always  mix* 
ed  with  air,  and  which  have  the  property  of  reflecting 
the  blue  rays  more  oopioosly  than  any  other,  lliis 
has  been  proved  by  the  experiments  whichSaosaare  made 
with  iiis  eyammtter  ac  diServat  heights  above  the  aar- 
face  of  the  earth.  This  instrament  consisted  of  a  circular 
iand  of  paper,  divided  into  31  parts,  each  of  which  was 
painted  with  a  different  shade  of  bine ;  beginning  aritb 
tht  deepest  mixed  with  black,  to  the  lightest  mixed  with 
•^hice*  He  found  that  the  colour  of  the  sky  always  cor* 
responds  with  a  deeper  shade  of  blue  the  higher  the  ob- 
server is  placed  above  the  surface  ;  consequently,  at  a 
certain  height,  the  Uue  will  dissrppear  altogether,  and 
the  sky  appear  T>lack  ;  that  is  to  say,  will  reflect  no 
light  at  all.  The  colour  becomes  alwayslighter  in  pro- 
portiuu  to  the  vai>ours  misfd  with  the  air.'  Hence  it 
is  evidently  owing  to  tiicm  t» 

Compotl-  3^  Yf^x  nuny  ages  air  was  considered  as  an  clement 
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siniple  tabstancc*  For  the  knowledge  of  its  com^ 
letit  partSy  \%'e  are  indebted  to  the  labours  of  tho^e 
ptiiloiophers  in  whose  hands  cliemistry  advanced  with 
%ach  rafiidUy  during  the  last  forty  year»  of  the  1 6th  cen* 
tttry.  The  first  stop  was  made  by  Dr  Priestley  in  1714, 
by  ihe  discovery  of  oxygen  gis.  This  gai»  according 
to  tbe  prevailing  theory  of  the  (ime,  he  considered  le 
air  totally  dcpfiv<;d  of  phlogiston  ;  arotic  gaS|  on  the 
other  hand^  w%i  air  saturated  with  phlogiston*  Hence 
he  considered  common  air  as  oxygen  gas  combined  with 

indefinite  portion  of  phlogiston^  varying  in  purity  ac* 

fding  to  that  portion  ,  being  always  the  purer  the 
t  a  quantity  of  phlogiston  it  contained. 

While  Dr  Prioibtley  was  making  experiments  on  oxy. 
gan  gaSy  Schcele  proceeded  to  the  analysis  of  air  in  a 
dificrent  manner,  lie  observed  that  the  liquid  sulphu* 
rels,  phosphorus,  and  various  other  bodies^  when  con^ 
&aed  along  with  air,  have  the  properly  of  diminishing 
bulk  ;  and  this  diminution  always  amounts  to  a  cer* 

,n  proportion^  which  he  found  to  be  between  a  third 
and  a  fourth  part  of  the  whole.  The  re&iduum  was  un< 
fit  for  supporting  flame^  and  was  not  diminished  by  any 
of  the  processes  which  diminish  common  air*  To  this 
retiduum  he  gave  the  name  oi/oul  air*  From  ihcse  ex* 
perimentSy  he  concluded  that  air  ia  a  compound  oi  two 
diilcrcnt  elastic  fluids  :  nanicly,  foul  air^  which  constt* 
tntes  more  than  two  thirds  of  the  whole,  and  anothtr 
4fir^  which  is  alone  capable  of  supporting  Same  »ad 
animal  life.  This  last  air  he  cv.ricated  from  nitre  by 
heat,  from  the  black  oxide  of  manganese,  aud  from  other 
substanceSp  and  gave  it  the  name  of  tmpyrcal  au\  He 
ihowed  that  a  mixture  of  two  parts  of  foul  air  and 
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Boo>v  T.      one  part  of  empjrreal  air  possesses  the  properties  of 
common  air  *. 

The  foul  air  of  Scheele  was  the  same  with  the  phlo- 
gisticated  air  of  Priestley,  or  with  what  is  now  known 
bj  the  name  of  azotic  gas.  His  empyreal  air  is  the 
same  with  the  dephlogisttcated  air  of  Priestley,  or  with 
what  is  at  present  called  oxygen  gas.  According  to  him, 
therefore,  air  is  a  compound  of  two  parts  of  azotic  and 
one  part  of  oxygen  gas.  He  accounted  for  the  diitii* 
nution  of  air  by  the  liquid  sulphurets  and  other  similar 
iKxlies  by  his  theory  of  the  composition  of  caloric, 
which  he  considered  as  a  compound  of  phlogiston  and 
oxygen  gas.  According  to  him,  the  phlogiston  of  the 
solphuret  combines  with  the  oxygen  of  the  air,  and 
passes  through  the  vessels  in  the  state  of  caloric,  while 
the  azotic  gas,  which  has  no  affinity  for  caloric,  is  left 
4>ehind. 

While  Scheele  was  occupied  with  his  experiments  on 
air,  Lavoisier  was  assiduously  employed  on  the  same 
subject,  and  was  led  by  a  different  road  to  precisely  the 
same  conclusion  as  Scheele*  By  oxidizing  mercury  in 
a  vessel  filled  with  common  air,  and  heated  tp  the  boil* 
ing  point  of  mercury,  he  abstracted  the  greater  part  of 
its  oxygen  gas ;  and  by  heating  the  red  oxide  thus  form* 
ed,  he  reconverted  it  into  mercury,  while  at  the  same 
time  a  quantity  of  oxygen  gas  was  extricated.  The  re- 
siduum  in  the  first  experiment  possessed  the  properties 
of  azotic  gas  ;  but  when  the  oxygen  gas  extricated  from 
the  mercury  was  added  to  ir,  the  mixture  assumed  again 
the  properties  of  common  air.     Hence  he  concluded 
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Tei&mposcd  of  axoiit  *  ^xy^^co ;  and  from 

ctjr  of  cxpcfiments  he  ii  cd  the  proportions 

parts  o(  azotic  gas  aod  21  parts  of  oxygen  gat. 
aoasirated,  too«  ibat  whtQ  air  it  diminished  by 
llulphuretSy  mcitth,  &c,  the  oxygen  gas  which  is 
,  coa»bmes  iwirh  the  «ulphurets»  6tc.  aad  con- 
fiiito  actds  or  oxides  according  to  their  re- 
^nature.  But  as  ail  these  expet iments  have 
jdrtady  detailed  in  the  First  Part  of  this  Work»  it 
Heessary  to  be  oiore  particular  in  this  place. 
KUieo,  is  a  compound  of  oxygen  and  azotic  gas: 
becomes  a  question  of  conMdt^r^blc  consequence 
tteroiifie  the  proportion  of  these  I  wo  ingredients, 
Btscertaifi  whether  that  proportion  is  in  every 
Hr  same.  Since  azoUc  gas,  one  of  the  component 
nf  that  fluid,  cannot  be  .separated  by  any  substance 
I-  which  chemists  are  acquainied,  the  analysis  of  air 
■ty  be  attempted  by  exposing  it  to  the  aciion  of 
Hodies  which  have  the  property  of  absorbing  its 
^k  By  these  bodies  the  oxygen  gas  is  separated, 
^k  azotic  gas  is  left  behind,  and  the  proportion  of 
^k  may  be  ascertained  by  theiiimtnution  of  bulk  ; 
B%etng  once  known,  it  is  easy  to  ascertain  the  pro- 
[QO  of  azotic  gas,  and  thus  to  determine  the  exact  re- 
e  quantity  of  the  component  parts  of  air. 
iter  (he  compositron  of  the  atmosphere  was  known 
hilosophers,  t%  was  taken  for  granted  that  the  pro* 
btiof  its  oxygen  vurles  at  difTerent  times  and  in 
^■t  places  i  and  that  upon  this  variation  depended 
pmiy  ornoxitius  qualities  of  air.  Hi.  nee  it  became 
iect  of  the  greaett  importance  to  get  possession 
thod  to  determine  re^idily  the  qaantrty  of  oxy- 
giTCD  portion  of  air*    Accordingiy  rarious  me* 
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I J  THE  ATXOSFHEU. 

:'.nok  •       rhods  ;vere  proposed,  all  of  them  dependiDg  upon'tUp 
property  which    many   bodies   possess,  of  absorbing 
thcoxygeo  of  the  air  withoit  acting  upon  its  azote. 
These  bodies  weie  mixed  with  a  certain  known  quantity 
q£  aimotpheric  air  in  graduated  glass  vessels  inverted 
over  water,  and  the  proportiun  of  oxygen  was  determi« 
ned  by  the  diminution  of  bulk.     These  instruments  re* 
ccived  the  name  of  euJiofmters,  because  they  were  con- 
sidered as  measures  of  the  purity  of  air.      The  eudio. 
meters  proposed  by  diflfcrent  chemisits  may  be  reduced 
to  five. 
BaauBwcsr        1.  Tlie  first  eudiometer  was  made  in  consequence  of 
MHi  f^L   Q^  Pric^tcly's  discovery,  that  when  nitrous  gas  is  mixed 
*^  with  air  over  water,  the  bulk  of  the  mixture  diminishes 

rapidly,  in  consequence  of  the  combination  of  the  gas 
with  the  oxygen  of  tlic  air  and  the  absorptiou  of  the 
nitric  acid  thus  formed  by  the  water.  When  nitrous 
gas  is  mixed  with  azotic  gas,  no  diminution  at  all  takes 
place.  When  it  is  mixed  with  oxygen  gas  in  proper 
proportions,  the  absorption  is  complete.  Hence  it  is 
evident,  that  in  all  cases  of  a  mixture  of  these  two  gases 
the  diminution  will  be  proportional  to  the  quantity  of 
the  oxygen.  Of  course  it  will  indicate  the  proportion 
of  oxygen  in  air  i  aiid  by  mixing  it  with  different  por- 
tions of  air,  will  indicate  the  different  quantities  of 
oxygen  which  they  contain,  provided  the  component 
parts  of  air  be  susceptible  of  variiition.  Dr  Priestley  !s 
method  was  to  mix  together  equal  bulks  of  air  aud  ni* 
troua  gas  in  a  low  jar,  aud  to  transfer  the  mixture 
into  a  narrow  graduated  glass  tube  about  three  feet 
long,  in  order  to  measure  the  diminutiou  of  bulk.  He 
expressed  this  diminution  by  the  number  of  himdred 
pi0i  remaining.     Thus,  suppose  be  had  mixed  toge^ 
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tier  equal  parts  of  nttfolis  gas  and  aif,  the  sutn  total     Ctuy.  t. 

of  lliis  mixture  wa^  200  (or  2*Oo) ;  suppose  the  resr- 

diium  when  measured  in  ific  graduated  lube  to  amount 

to  104  (or  1*04),  ai>d  of  course  thai  96  parts  of  the 

whole  had  disappcarcdp  he  denoted  the  puritjof  the  air 

thus  tried  bj  104.     Attiorc  contrenttul  instrument  was 

mrented  by  Dr  Falconer  of  Bath  i  and  Fontana  greatly 

smproved  this  method  of  measuring  the  purity  of  air* 

A  description  of  his  eudiometer  was  published  by  In- 

genhouiz  in  ihe  firit  ^-oluroc  of  his  Experiments ;  but 

It  was  Mr  Cavendish  who  first  brought  this  eudiometer   Tmprove4 

to  fttch  a  state  of  precision  as  to  be  enabled  to  ascertain  Jjf,^*^'**^ 

c^  t!ie   constituents  of  air.      His  method  ^*3S  to 

jju.  4«.  Pleasures  of  nitrous  gas  into  a  glass  vessel,  and 

to  let  up  into  it  very  slowly  100  measures  of  the  air 

(0  be  examined,  igitattng  the  vessel  eontainirtg  the  ni* 

r  duri:  g  the  whole  time.      The  diminuiion  of 

/'  n  the  procei.*  whs  conducted  in  this  way  wat 

almost  tjuirorth.      The  greatest  was    110|   the  least 

XOO'ft*^  the  mean  108"2.     The  Tarintion  he  found  t9 

^epeudy  not  upon  the  air  examined^  but  upon  the  stated 

^if  the  ^aur  in  which  the  experiment  was  made.     Xt 

*hc  experitnent  was  reverted,  by  letting  up  the  nitrous 

^as  to  commoQ  atr,  he  used  loo  measures  of  each,  and 

^be  diminution  in  thai  case  was  only  5»o  measures. 

Thi%  constancy  in  the  diminuiion  of  the  bulk  of  all 
tlie  d liferent  specimens  of  common  air  examined,  indu^ 
ccd  Mr  Cavendish  to  conclude  that  the  proportion  be« 
tween  the  oxygen  and  azote  tn  common  air  does  not 
my.  To  End  the  absolute  quantity  of  oxygen  in  air, 
he  mixed  together  oxygen  gas  and  azote  in  various 
proportions,  and  at  last  found  that  a  mixture  of  10  mea- 
SttrtA  of  the  purest  oxygen  wJtich  heoouM  procure  wit^ 
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B<x^7.  38  measures  of  azote^  was  just  as  much  diminidied  b/ 
nitrous  gas  as  the  same  bulk  of  common  air.  Hence 
he  concluded  that  air  is  composed  of  10  parts  hj  bulk 
of  oxygen  and  38  of  azote,  which  gives  us  for  iti  com* 
position  fer  cent. 

79*16  azote 

20-84  ozjgen 

100-00 

or  very  nearly  21  fer  cent,  of  oxygen  gas  *. 
j)^ug^*g  Other  philosophers,  who  did  not  pay  that  rigid  mtten* 

tion  to  precision  which  characterises  all  Mr  Cavendish's 
experiments,  obtained  variable  results  from  the  nitrous 
gas  eudiometer.     Most  of  the  circumstances  whicb  oo» 
casion  the  variation  were  pointed  out  by  Cavendish  ; 
but  they  seem  to  have  escaped  the  observation  of  sue* 
cceding  chemists.     Humboldt's  attempt  to  render  the 
eudiometer  of  Fontana  accurate  did  not  succeed  f  •    But 
Mr  Dalton  has  lately  explained  the  anomalies  in  a  very 
luminous  manner.    According  to  this  philosopher,  oxy- 
gen gas  and  nitrous  gas  are  capable  of  uniting  in  two 
proportions  :  21  measures  of  oxygen  gas  uniting  either 
with  30  measures  of  nitrous  gas,  or  with  twice  36,  :=  72 
measures.    Both  of  these  compounds  are  soluble  in  wa* 
ter.     If  the  tube  be  wide,  a  considerable  portion  of  ni- 
trous gas  comes  at  once  in  contact  with  the  oxygen. 
Hence  the  Utter  gas  combines  with  a  maximum  of  ni* 
trous,  especially  if  agitation  be  employed.    In  a  narrow 
tube  the  oxygen  combines  with  the  minimum  of  nitrous 
gas,  provided  no  agitation  be  employed,  and  the  residue 
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be  poured  soon  into  another  vessel*  When  intcrmedt- 
aie  proportions  are  used,  the  absorptioo  will  be  inter*- 
mediatc.  Mr  Dalton  recommends  a  narrow  tube  ;  the 
nitrous  gas  is  to  be  00I7  in  the  proportion  requisite  to 
ions  the  minimum  combination  i  no  agitation  is  to  ht 
€i&plojed  i  and  when  the  diminution  is  completed,  the 
gas  mast  be  transferred  to  another  tube.  To  100  mea- 
sitrrs  of  air  add  about  36  of  nitrous  gas;  note  the  di- 
nunmion  of  bulk»  and  multiply  tt  by  V^y  ^he  product 
gives  the  bulk  of  oxjgen  in  the  air  examined  *. 

I0  order  to  get  rid  of  the  anomalies  which  had  per- 
plexed former  experimenters,  Mr  Davy  proposed  to 
employ  the  nitrous  gas  in  a  different  state.  He  caused 
sulphate  or  muriate  of  iron  to  absorb  this  gas  to  satura- 
tion, and  employed  the  dark  brown  liquid  thus  obtain- 
ed to  deprive  air  of  its  oxjgen.  A  small  graduaicd 
gluts  tube,  filled  with  the  air  to  be  examined,  m  plunged 
into  the  nitrous  solution,  and  moved  a  little  backwards 
and  forwards*  The  whole  of  the  oxygen  is  absorbed  in 
a  few  minutes.  The  state  of  greatest  absorption  ought 
to  he  marked,  as  the  mixture  afterwards  emits  a  little 
gas,  which  would  alter  the  result.  By  means  of  this, 
Mr  Davy  examined  the  air  at  Bristol,  and  found  it  al* 
ways  to  coDtaio  about  0*2^ of  oxygen.  Air  sent  to  Dr 
Beddoes  from  the  coast  of  Guinea  gave  exactly  the 
same  result* 

2*  For  the  second  kind  of  eudiometer  we  arc  indebted 
to  Scheele.  It  is  merely  a  graduated  glass  vessel,  con* 
tatning  a  given  quantity  of  air  exposed  to  newly  pre- 
fared  liquid  alkaline  or  earthy  sulphurets,  or  to  a  mix- 
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»M4t       ^..ore  of  iroa  EKngt  and  nJpfanr,  fameA  into  s 

-MrHb  vi  sser.     Thne  sobfraactk  abwrb  toe  wbok  of  the 
oxjgrrf  <if  the  air,  vhith  vamvtru  m  pornn  itf  tke  sol- 
fAiDf  itjto  a*;  wid.     n*  o»Tfe«  ctmtanrd  m  the  «r 
tlM^  txtmintdf  h  jnd^^A  of  bj  th?  diBimztjao  of  balk  , 
vrtiich  llw  ft:r  hat  mdrrfoor.    Thii  oitthod  is  sot  ottlj 
c^rxetdio^l/  t^mpk,  btst  it  rrqoiret  rerr  ktik  address^ 
BOd   7<rt   it  ^nittr^ihlt  ol  9%  great  accorarr   at    an^ 
cnher  whatever.     Ti^e  cnlj  obj^ctJon  to  which  it  is  li- 
able it  itt  (lowneis;  for  when  the  qoantitr  of  air  ope- 
rated on  it  considerable,  several  dart  elapse  before  ibc 
diminotion  has  reached  its  maz^nrom. 
%ttyi*r9^  Bnt  this  objectioo  faas  beea  comphrtelj  obyjafcd  bj* 

,/  '    Mr  De  Marti,  who  has  brouj^ht  Scbecle^s  eodsometer 

fo  a  state  of  perfection.     He  found  that  a  nLnnre  of 
iron  filings  and  sulphor  does  not  answer  well,  because 
it  ctnitt  a  sfloall  quantity  of  hjdrogen  gas,  evolved  bj 
the  action  of  the  sulphuric  acid  formed  upon  the  iron  ; 
but  the  hjdrogoreted  solphnrefs,  formed  bj  boiliiig  to* 
getber  sulphur  and  liquid  potash  or  lime  water,  answer^ 
ed  the  purpose  perfectlj.     These  substances,  indeed, 
when  newlj  prepared,  hare  the  proprrtj  of  absorbing 
a  small  portion  of  azotic  g8% ;  bnt  thej  lose  this  property 
svhcn  saturated  with  that  gas,  which  is  easily  effected  by 
agitating  them  for  a  few  minutes  with  a  small  portion  of 
atmospheric  air.    His  apparatus  is  merely  a  glass  tube, 
ten  inches  long,  and  rather  less  than  half  an  inch  in  dia- 
meter, nprn  at  one  end,  and  hermetically  sealed  at  the 
other.     The  close  end  is  divided  into  100  equal  parts, 
having  an  interval  of  one  line  between  each  division. 
The  use  of  this  tube  is  to  measure  the  portion  of  air  to 
be  employed  in  the  experiment.    The  tube  is  filled  with 
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and  hj  allowing  the  waicr  to  run  oSTj 
wbile  the  tube  is  invertecl»  smd  the  open  tnd  kept  «hut 
with  tb«  fifigcfj  the  graduated  part  i%  exactly  filled  with 
iif  •  These  hundred  pans  of  air  are  introduced  into  a 
glau  boiile  filled  with  liquid  sulphuret  of  lime  previ-* 
ottsly  saturated  with  azotic  gas»  and  capable  of  holding 
Irmn  two  to  four  tiroes  the  bulk  of  the  air  introduced. 
The  bottle  is  then  to  be  corked  with  a  ground  glass 
stopper,  and  agitated  for  fire  minutes;  After  this  the 
cork  is  to  be  withdrawn  while  the  mouth  of  the  phial 
is  under  water  i  and  for  the  greater  security,  it  may  be 
corked  and  agitated  again.  After  this,  the  air  is  to  be 
again  transferred  to  the  graduated  glass  tubcj  in  order 
iQ  ascertain  the  diminution  of  its  bulk  ^* 

Air  examined  by  this  process  suffers  precisely  the 
same  diminution  in  whatever  circumstances  the  expe*^ 
riments  are  made  :  no  variation  is  observed  whether  tht 
wind  be  high  or  low,  or  from  what  quarter  soever  it 
blows  i  whether  the  air  tried  be  moist  or  dryi  hot  or 
cold  i  whether  the  barometer  be  high  or  low.  Nei- 
ther the  season  of  the  year^  nor  the  situation  of  the 
place,  its  vicinity  to  the  sea,  to  marshes,  or  to  moun* 
tains,  make  any  diifcrence.  Mr  De  Marti  found  the 
dimuiution  always  between  0*21  and  0*23. 

S«.  The  third  kind  of  eudiometer  was  proposed  by  Eudtomctct 
Votta,     The  substance  employed  by  thai  philosopher  ^  ^**^^* 
to  separate  the  oxygen  from  the  air  uas  hydrogen  gas* 
His  method  was  to  mix  given  proportions  of  the  air  to 
be  examined  and  hydrogen  gas  in  a  graduated  glass 
tube ;  to  fire  the  mixture  by  an  electric  spark ;  and  to 


lU  IK 


•  Jtwr.dk  Pljt,Uu  176. 


B 


{i  TUZ  AT1lf«9rB£&£. 

,  go*t      judge  of  tbe  pnrhy  of  die  nr  by  Ae  baBc  of  the  mi. 
dmnD.    This  metbod  h^  been  Iztelj-exuinBed  bj  dj 
Lussac  «nd  HixnboTdt.     Tbej  bsre  foond  it  sinoeptr. 
hit  of  great  precisioD.     It  is  one  of  ihc  simplest  aod 
most  elegant  methods  of  estimating  tbe  proportion  of 
oaygen  in  vr.     \K^en  100  measures  of  bjdrogen  are 
onaced  wi'h  200,  or  aiij  greiter  bulk  of  rzrgen,  up  to 
900  meawre^  the  diminutioB  cvf  bulk  after  detonatioa 
is  alwajs  146  measures.     The  same  diminiition  is  ob- 
tained if  the  hydrogen  be  increased  up  to  a  certain  quan- 
tity ^    Tbe  result  of  their  trials  is,  that  1 00  measures  of 
oxygen  gas  require  200  of  hydrogen  for  complete  com* 
bo^tiooy  which  coincides  rcry  well  with  the  trials  prtn* 
oosly  made  in  this  country.    Hence  the  method  of  using 
this  eudiometer  is  rery  simple :  Mix  together  equal 
bulks  of  the  air  to  be  examined  and  of  hydrogen  ga^ 
ascertain  the  diminution  of  bulk  af*er  combvstioo^  di« 
▼>de  it  by  three,  the  quotient  represents  tbe  number  of 
measures  of  oxygen  in  the  air.    A  great  number  of  tri- 
als, in  different  seasons  of  the  year,  of  mixtures  of  2(M 
measures  of  air  and  as  mnch  hydrogen,  gave  almost 
uniformly  a  diminution  of  bulk  amounting  to  126  mea. 
flures.     Now  the  third  of  1 20  is  42,  the  quantity  of 
oxygen  in  200  measures  of  air.     Hence  100  parts  of 
air,  according  to  these  trials,  contain  2|  of  oxygen*. 
'BiMi'entfter       4.  In  tbe  fourth  kind  of  eudiometer,  the  abstractioa 
o^Bcfthol-    ^  iijg  oxygen  of  air  is  accomplished  by  means  of  phoi- 
phoms.     This  eudiometer  was  first  proposed  by  A- 
diardf.     It  was  considerably  improved  by  Rebonlt, 
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A  {>7  Segido  and  Lavoisier  *  ;  but  Bert&ollet  f  has 
tr(y  broupbt  it  to  a  state  of  perftciion. 
lostead  of  the  rapid  combustion  of  pho5phoruS|  tikb 
philosopher  has  tubstituted  its  spontaneous  com* 
ion^  wbicb  absorbs  the  ojcygcn  of  air  completely  ^ 
when  the  quantity  of  air  operated  on  is  small,  the 
U  over  in  a  short  time*  The  whole  apparatus 
iiU  m  &  narrow  graduated  tube  of  glass  containing 
mtr  to  be  examined,  into  which  is  introduced  a  cj« 
Ittder  of  phosphorut  fixed  upon  a  glass  rod,  while  the 
iifar  stands  inverted  over  water*  The  phosphorus  should 
Ic  so  long  fts  to  traverse  nearly  the  whole  of  the  air* 
Imniedtatelj  white  vapours  rise  from  the  phosphorus 
d  fill  the  tube.  These  continue  till  the  whole  of  the 
gen  combines  with  phosphorus.  Thej  consisi  of 
otphoroos  acid,  which  falls  by  its  weight  to  the 
kttom  of  the  vessel,  and  it  absorbed  by  the  water. 
Fbe  restdnum  is  merely  the  azotic  gas  of  the  air,  hold* 
tag  «  ponton  of  phosphorus  in  solution.  Berthollet  has 
ucertsined,  that  by  this  foreign  body  its  bulk  is  in* 
ressed  ^*^th  part.  Consequently  the  bulk  of  the  resi« 
nam,  diminished  by  ^,  gives  us  the  bulk  of  the  azo* 
ic  gas  of  the  air  examined  ;  which  bulk,  subtracted 
rom  the  original  mass  of  air,  gives  us  the  proponioa 
r  oxygen  gas  contained  in  it  {. 
All  the  different  experiments  which  have  been  made 
%j  meaos  of  this  eudiometer  agree  precisely  in  ibeix 
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f  Ibid.  oxiT.  7 J*  tad  /mtp.  itCEtmU  Ptiyiuhm,  V  iii.  S74' 
t  A  very  ooavtDjoit  appmtui  for  oitktn^  cadiuni^tncAl  esperimcafe^ 
lag  bicly  been  iavcntcd  by  Mx  l-cpyv  uiU  dctcribed  by  him  ia  FkU. 
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resoit,  and  indicate  that  the  proportioiis  of  the  ingllu 
dieats  of  air  are  alwajs  the  same  ;  namelj,  abont  0*21 
parts  of  oxygen  gas,  and  0"tQ  of  azotic  gas.  Berthol- 
let  found  theae  prc^rtions  in  Egypt  and  in  France,  and 
I  have  foood  them  constantly  in  Edinburgh,  in  all  the 
di&rent  seasons  of  the  year. 

Thus  it  appears,  that  whatever  method  is  employed  to 
abstract  oxygen  firom  air,  the  result  is  uniform,  provided 
the  experiment  be  precisely  made.  They  all  indicate 
thdt  coounga  air  consists  very  nearly  of  21  parts  of 
oxygen  and  *4  9  of  azote.  Scheele  and  Lavoisier  found 
:*:  pL-r  iVdT.  of  oxygen,  but  their  methods  were  not  sos- 
vcptibUr  of  precision.  Air,  then,  does  not  vary  in  its 
iHwnposition  ;  the  pn)port2on  between  its  constituents  b 
constant  in  all  places  and  in  all  heights.  Gay  Lussac 
exmniaed  air  brought  from  the  height  of  more  than 
VI.OOO  lc«t  above  Parts,  and  found  it  predaely  the  same 
as  ihe  air  at  the  earth's  surface  *. 
•n»iit«-  fiut  x*!  cubic  inches  of  oxygen  gas  weigh  1*14  grains, 

and  19  inches  of  aaote  weigh  C3'96S<S  grains.  These 
added  together  amount  lo  31-10S6  grains,  which  ought 
1^  be  the  w^gbt  of  ICO  inches  of  common  air.  Bui 
lKi«  4t  so«Mwh«t  greater  than  the  weight  of  100  inches 
^  ait,  ACvvidiog  Ko  Sir  J.»hn  Shuckburgh  Evelyn's  ex- 
pvuiticot>«  wb«>  found  it  only  31*0197  grains.  The 
dillerenct  is  nut  gteat.  and  is  probably  owing  to  a  small 
eir\»r  in  the  sptvtfic  gravitiea  of  the  diflSerent  gases.  Ac- 
c\M\liug  1^  this  estimate,  100  parts  of  air  are  composed 
^j  wvif  bt  of 


M%  sii  4*tk 


S^'*.  I  »* 


•  i%L  Mt^,  ui.  sii. 


22*91  oxygen 
7T09  azote 


I 


100-00 


ill  the  analyses  cf  air,  it^is  ne^essar j  to  operate  on 
ik  of  a  determinate  density^  aod  to  take  care  that  the 
frndaum  be  neither  more  condensed  nor  dilated  than 
Ibe  air  was  when  first  operated  on.  If  the%e  things  are 
OOI  atleoded  to»  no  dependence  whatever  can  be  placed 
upQO  tlic  result  of  the  experiments,  how  carefully  so^ 
erer  they  may  have  been  performed.  Now  there  are 
three  things  which  alter  the  vohimc  of  air  and  other 
elastic  iuids  :  i.  A  change  in  the  height  of  the  baro- 
meter. 2.  An  increase  or  dtmination  of  their  quantity; 
the  veaiel  in  which  they  are  contained  remaining  the 
aantti  and  standing  in  the  same  quantity  of  water  or 
mercury*     9«  A  change  in  the  temperature  of  the  air* 

!•  The  density  of  air  and  other  elastic  Huids  is  al« 
wmyi  proportional  to  ihe  compressing  force.  Now  they 
mre  eompreased  by  the  weight  of  the  atmosphere,  whi^h 
is  sncamred  by  the  barometer.  If  that  weight  dimi- 
mshes,  their  density  diminishes  in  proportion^  and  of 
co<}rsc  their  bulk  increases:  if  the  weight  of  the  atmo« 
aphere  increasest  their  density  increasesi  and  their  bulk 
diniiiisliea  in  the  same  proportion*  Consequently,  if 
the  height  of  the  barometer  varies  during  an  experimeot, 
the  bulk  of  the  residuum  will  not  be  the  same  that  it 
winaU  have  been  if  no  such  change  had  taken  place. 
We  wiii  theieforc  commit  an  error,  unless  we  reduce 
the  bulk  of  the  residuum  to  what  it  would  have  been 
U  no  auch  alteration  had  taken  place.  This  is  easily 
4ooe  by  a  very  simple  formula. 

It  has  been  ascertained  by  philosophers,  that  ihe  vo. 
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o>  air  «  alwmjt  mvenelj  u  the  compressiDg 

Therefore  let  m  be  the  height  of  the  barome* 

:^  « riiB  ooanMBcement  of  an  experhnent,  n  its  height 

aa  UK  endp  w  the  Tolnme  of  the  gas  when  the  barooie* 

xm  i»ar  m^  and  » ita  vohtme,  supposing  the  baroflicter  at 

^      We  have  m  im  ::  x  :  v.      Conseqaentlj  x  =  !L7. 

to  ind  the  yolttme  required,  we  have  oulj  to 
the  Toliune  obtained  hj  the  actual  lieiglit  of 
and  diTide  bj  the  height  of  the  barome- 
mm  at  which  we  want  to  know  the  volume :  And,  in 
f/mmnip  to  reduce  a  ▼olnme  of  air  to  the  voluaie  it 
would  occupy,  anpposing  the  barometer  at  30  inches^ 
%o  banre  onlj  to  use  the  above  formula,  substituting  SO 
■iplMeof  at. 

Tb  ritew  t*  When  air  ia  confined  in  a  jar  standing  over  water 
'^  or  aaarcury,  its  density  is  not  the  same  with  that  of  the 
\f  unless  its  lower  surface  in  the  jar  be  ex- 
aedj  level  with  the  surface  of  the  liquid  in  the  tub  in 
wbicb  it  stands*  Let  A  (fig,  30.)  be  a  jar  containing 
oir»  and  BC  the  surface  of  the  water  or  mercury  in  the 
lob  ia  which  the  jar  is  inverted ;  the  air  within  the  jar 
ia  not  of  the  same  density  with  the  external  air,  unless 
it  fiUs  exactly  that  part  of  the  jar  above  BC.  If  it  fill 
odIj  that  part  of  it  between  A  and  D,  while  the  water 
or  saercury  risea  to  D,  the  air  will  be  more  dilated  thati 
^^xtemal  air,  because  if  is  compressed  only  by  the 
woight  of  the  atnoospbere,  diminished  by  the  oblumn  of 
nffftory  or  water  Dm*  On  the  mhcr  hand,  if  the  wa- 
ler  or  mareury  only  rise  in  the  jar  to  £,  the  air  within 
)l  will  be  denser  than  the  external,  because  it  is  com- 
fcoaaed  by  the  weight  of  the  atmosf^ere,  and  also  by 
of  water  or  air  m£.    It  is  proper,  therefore, 
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m  aU^iac%  to  farinf  thf  lower  «iirl^Df  ifcf  ttir  in  Ae 

jv  to  the  same  level  wiih  the  ^uiUce  ol  tlje  water  or 
meretirjr  to  Ibc  trougH*  But  ta  rudiomccrical  exprn* 
iDcnts  this  i%  often  im|iossibIe  ^  because  part  o£  t be  ait 
being  «bft6rbed»  though  the  water  or  mtrciir^  jover 
iriftidi  it  stands  at  fir>t  only  rose  to  ««  yei  ibie  ^b«i/rp« 
ticMi  wbicb  takes  piace  occasions  it  to  rise  to  soodt  Uiie 
tn*  Htuce  tite  air  which  reoiaina  afkr  ihe 
k^  is  ill  a  state  of  <iilataiioi\  aud  must  be  redui^. 
ced  bjr  caicuUtDoa  lo  the  volume  which  it  woukl  occu* 
pj  were  it  in  the  same  siate  of  compresiioo  a«  ax  the 
coouDenceiocnt  of  the  experiinent.  This  is  easiJy  done* 
hy  the  foUowiiig  formula. 

Ijtt  «is  suppoie  ibe'reS|>erimfiat  is  made  over,  merco* 
ij*  Let  U  be  the  height  ot  tlm  iMllipeler  u  ihe  coqih 
.roencement  of  the  experioient,  fcjlj.hmgth  oi  the  co». 
lamn  of  mercurj  m  D,  o  the  volume  of  the  air  id  AD, 
and  X  the  volume  required,  or  the  volume  which  the 
air  would  have^  supposing  D  to  coincide  with  m.    Then 

wehaveH:H— ^::v:*.    And»-  (H— ^)^     Xhus 

let  H  be  90  inches,  i^^  inches,  and v  =  ioo  cubic 
toehes  ;  then  it;  =:  166y  cubic  inches ;  so  that  witiiout 
this  correction  Che  error  would  aiiMwnt  to  no  less  than 
$$4cubicinche9y  or  about  the  sixth  part  of  the  whole. 
Wheo  the  experiment  is  made  over  water^  the  same 
formula  applies ;  aaiy  in  that  case  H  must  be  ouiUi- 
pEed  bj  k$*§,  because  a  coiiima  of  water  I3*d  times 
longer  than  mercury  is  necessary  to  produce  the  same 
pretsure.  In  that  case,  suppoiiing  the  numbers  the 
same  as  befor^,  x  would  be^  191^  ;  so  that  the  error 
over  water  is  only  2^  tocheSp  or  the  80th  part  of  the 
whole. 
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mm  wmuUf  iiad*  wiiIm  doon :  bat  wImb  it  itocs  Inp- 
poig  itf!»ci4idn>  ta  iltcrtdon  tn  the  volame  of  the  fttr  ; 
IS  imenmmel  tcoipenture  dihtitig  it,  and  m  dimiootios 
ai  fiemperfttttre  6c«a^iofitng  a  aottdtMiUo<u  Thit  crrec 
flHiy  W  (MJIjr  oocrrcicd  in  ttf  t»d  ftU  otbcr  part,  b^r 

4ifni€f  dMBft  in  ilia  thiWliMimiii,  •ccarJiwgtot 
TtUv  df  the  dilitioits  of  the  g«>et  f»i«wfly  given  *. 
^  Mr  IHlton  coostden  w  as  mcrtly  a  meehaaicml  mix^ 
nm  of  tbe  two  gfttei  of  which  it  is  coai]»>i€<ft*  Sot  aJl 
other  chemists  cootider  it  fts  m  ciienucsl  conpottod* 
This  fubjtct  hms  bctn  discttsted  in  m  preoediag  part  of 
this  Work.  I  consider  it  ts  composed  of  axote  an4 
Mjgtn  holdiag  each  other  in  diiJxUutwm  t* 

'a- 


SECT.  U. 

or    WATER. 

XiiAT  ^t  atmosphere  contains  water  has  been  alwaji 
known.  The  rain  and  dew  which  so  often  precipitate 
froBti^  the  clouds  and  fogs  wiib  which  it  is  often  ob* 
letlnd,  and  which  depo$tte  flMiilwe  on  a]l  bodies  ex. 
posed  10  them,  have  deinoostrated  iu  existence  in  n^ery 
age*  Even  when  the  atmosphere  is  perfectly  trans- 
parent^  water  may  be  extracted  from  it  in  abundance 


f  SwVQLt.p.49^ 
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r  tobstanees.     Thus,  if  concentrated  sulphuric   ,  Chay.  r 

Bcposed  to  Etr^  it  gradually  attracts  so  much 

>  that  itj  weight  is  increased  more  than  three 

^if  converted  into  diluted  acid,  from  which 

fTR^j  be  separated  by  distillation.     Substances 

c  the  property  of  abstracting  water  from  the 

have  received  the  epithet   of  hygrweofic^ 

ey  point  out  the  presence  of  that  water*     8ul- 

the  fixed  alkalies,  muriate  of  lime,  nitrate  of 

in  general  all  deliquescent  salts,  possess  this 

The  greater  number  of  animal  and  vegetable 

ewise  possess  it.     Many  of  them  take  water 

air,  but  give  it  out  again  to  the  air  when 

lese  bodies  augment  in  bulk  when  they  receive 

and  diminish  again  when  they  part  with  it*  ' 

,e  of  ibcm  have  been  employed  as  hygroma 

ures  of  the  quantity  of  moisture  contained 

around  them*     This  they  do  by  means  of 

or  diminution  of  their  length,  occasioned 

Uition  or  abstraction  of  moisture.     This  change 

■  it  precisely  marked  by  means  of  an  index. 

k  ingenious  and  accurate  hygrometers  are  those 

pre  and  Deluc.     In  the  first,  the  substance  em- 

9  mark  the  moisture  is  a  human  hair,  which  by 

iRCtioos  and  dilatations  is  made  to  turn  round 

L     In  the  second,  instead  of  a  hair,  a  very  fine 

\9i  whalebone  is  employed.     The  scale  is  di^ 

Id  100^*     The  beginning  of  the  scale  indicates 

igfWBt$9  the  end  of  it  indicates  extreme  mots- 

I  ia  graduated  by  placing  it  first  in  air  made  as 

Msible  by  means  of  salts,  and  afterwards  in  air 

moisture.     This  gives  the  extremes  •£ 

the  interval  between  them  is  divided  3nto 

I  parts. 


Detcctei 
by  thcHfv 
grometer. 
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:nce  ir  '^aimnt  be  doubted  that  the  atnoBpbcn  iL 
•TT^  j.-.nrains  water.  thi"re  are  onlj  two  points  wbstik 

Tmain  :o  tie  investieated :  i.  The  state  in  whkh,  tiiai 

vattr  '•xxsts  laair ;  2-  The  quantity  which  a  giTca  bulk 

rontains. 

^-   ^i:h  renec:  m  tJie  state  in  which  water  ezneiic 

.ir*  :\vn  opinions  aave  been  fbrmed^  each  of  which  bai 

:een  .aoportea  by  very  able  philosophers.  I-  Waaer 
OBT  oe  uiuQiveii  m  air  in  the  same  manner  as  a  ssh  ii 

leia  !n  soioiuu  hj  waaer.     2.  It  may  be  miwtd  with 

iir  !n  cne  «caiB  of  steam  or  vapoiir,  after  having  bosi 

.ouwKieci  *nto  Tapoor. 

1.  r.ie  irsi  ox  these  opinions  was  hinted  at  by  Dr 
4aQKe  m  ius  Mu-ragr^itA,  aad  afterwards  proposed 
JT  Dr  liailcT  ;  biu  u  was  mnch  more  fully  developed 

ir  >ir  Lf  Roy  at  MiinrpelKr  m  1751.  Dr  Haaiboo 
jt  Uuoiiii  iiaue  iuavvn  the  same  theory  about  the  same 
:niM4  r':e  "*Qenomcna  in  general  coincide  reaaarkiUj 
Twii  witn  :ua  tiieory.  The  quonriry  of  water  which 
ur  9  .-aimbie  Jt  boldini^  m  io(a:ioa  is  xncrenaed  by  twu 

r  4Ui;mcnc'aaaa  oc  Kmperanire,  and  diminished  bj 
m<«mU  wiuca  19  preciaeiy  aaaUipMia  to  aimotf  all  other 
««i¥««i9«  Theaa  analogies,  and  several  ochera  which 
««til  ««»u  V  fiutgest  themaeives  to  the  reader,  have  indn- 
^^N  i»v  tar  the  greater  aomber  of  phzlcsophcrs  to  adopt 
*aii!ft  ^•fttitvu* 

,\  The  ««ranvi  ihcory,  namely,  that  water  eziats  in  air 
ta*-i««»  ^«e  tft  vapour,  has  been  embraced  by  Ddnc  in 
;m»  •ii»rt?«aR«<  oo  Metccroioey  ;  at  least  bis  reasoning 
^iy^a><i  u»  «ie  an  lead  lo  that  condusion.  But  it  ia  A 
.^1  ly^^vm  t^tat  we  are  iadeoted  for  the  aaosi  precise 
^•^•«««itivM  «n  the  subjcc:  *.     The  fcliowing*  reasons 
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;  flia  tmth  of  dwf  omntoii  aJfrn^st  beyond  the  reach  of     Cht^  I. 
itrorer  y, 

la  the  JirU  place^  It  cannot  be  donbicd  thtt  the  wi-^  it  it  in  the 
which  ejutts  in  tir,  is  derivtd  ongtnaliy  from  the  p^ur  *" 
iters  on  the  snriace  of  Uic  eartht  which  are  exposed 
the  action  of  the  atmosphere.  Accordingly  we  iind 
t  water«  when  exposed  to  the  air,  suffers  a  gradual 
imtoution  of  bulk^  and  at  last  disappears  altogether. 
15  diminution  of  the  water  xmj  be  owing ^  either  to 
gradual  solution  in  air,  or  to  its  conver&ion  into  vai* 
The  last  is  the  comtnon  opinion,  as  the  pheno«^ 
iQ  is  in  common  language  ascribed  to  the  tvapgrn" 
mm  of  the  water.  When  water  is  placed  in  an  exhaust- 
recetver^  it  diminishes  in  bulk  even  more  rapidly 
aa  in  the  open  air.  In  this  case,  as  no  air  is  present^ 
can  only  ascribe  the  diminution  of  bulk  to  the  coo- 
crai<»i  of  the  water  into  vapour.  Accordingly  we  find, 
ccamination^  that  the  receiver  is  actually  fiUed 
till  water  in  the  state  of  vapour.  The  presence  of 
lit  vmpotir  very  sooo,  by  Us  elasticity,  pats  an  end  to 
fibe  e^aporatioQ  of  the  water.  Now,  since  water  dts* 
lAppcart  eqoaUy  whether  air  be  present  or  not,  and  est- 
flctly  in  the  same  manner,  it  is  reasonable  to  ascribe  its 
bdisappearing  in  both  caaes  to  the  same  cause.  But  in 
^e  exhausted  necirrvcr  it  is  oonvetted  into  vapo«ir. 
^Hence  it  ts  probable  that  it  is  converted  into  vapour  al- 
\BQ  in  the  open  air ;  atid  if  so,  it  must  exist  in  air  in  the 
pUmtM  of  vapour. 

^  In  the  ucmd  place,  If  the  ditappearing  of  water  «s* 
r]iOfe<l  to  the  open  air  were  owing  to  solution  and  not  to 
I  evaporation,  it  ought  certainly  to  disappear  more  ra* 
KpidSy  when  it  is  exposed  to  the  action  of  a  great  quan.. 
ttly  of  air  than  when  to  m  small  qifanii ty ;  for  the  quan* 


•f  11,215  fe^  whom  th^  krd  of*  At  Ma,  wiih 
id  made  uGcarvi,  13^4  leecmborc  the  kvd 

K  lie  noefiaified,  tlus  soppoiiBf  ik 
the  dryaesft  of  the  air  n  both  pbas  di€  i 
of  water  cvayotated  at  Gctteim  im  to  that 

oa  the  Col-du*G«aiii  m  the  tane  tiiDe  aad 
aamo  circiimstaiico  as  3T  to  S'H  or  iieasfy  as  5  :  X 
Noir  the  mlr  on  the  CoLdiuGeaot  is  mhoot  fd  ranr 
ihaa  at  GcAcva  ;  so  ib%t  the  diomiotioti  of  abom  ^4  ift 
the  deasi^  of  the  air  cnore  tfata  doubles  the  rati  of  •« 
This  is  pceciael J  wiM  oiighi  lo  be  dK 
fKoridcd  ifac  water  which  disappaan  nuaa  «id| 
the  air  to  the  itate  of  vapoikr  od j  ^  bot  the  tqy  i 
trarj  ouf  ht  to  hold,  if  the  water  disappeared  id 
qucfice  of  the  tolvetit  power  of  air. 

In  the  third  place.  It  has  been  dtmoaiteated  hy  Dr 
Black  that  vapotir  is  water  combined  with  a  certain  dote 
ol  caloric*  Copxqucntly  when  water  is  oooTerted  ioto 
mpoor,  a  certaiii  pottioo  of  caloric  cooibities  with  tt 
aod  disappears*  Ifp  therefore,  there  is  the  same  waala 
•f  ^or^c  whenever  water  passes  from  a  liquid  state, 
aad  colers  into  the  atmosphere  as  a  compomnt  part,  we 
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reison  to  conclude  that  it  enters  into  the  atmo* 
sphere  only  in  the  state  of  vapour*  But  it  is  a  well  known 
ftict  that  cold  is  always  generated  during  spontaneous 
evmporatioo  ;  that  is  to  say,  that  the  water  as  it  disap- 
pears carries  off  with  it  a  quantity  of  caloric.  It  is  well 
kaowo^  that  when  a  wet  body  is  exposed  to  the  air,  its 
temperatm^e  is  lowered  by  the  evaporation  which  takea 
place  upon  its  surface.  Hence,  in  warm  countries  water 
is  cooled  by  putting  it  into  porous  vessels,  and  exposing 
it  to  the  air.  The  water  penetrates  through  the  vt%* 
self,  evaporates  from  their  st)rface>  and  carries  off  s^ 
Sfitich  heat,  as  even  in  some  cases  to  freeze  the  water  ia 
the  vessel.  Saussure  observed,  that  the  evaporation 
from  the  surface  of  melting  snow  caused  it  to  freeza 
again  whefi  the  temperature  of  the  surrounding  air  was 
4'5^  above  the  free?.ing  point.  Dr  Black  has  render^ 
ed  ii  probable  that  the  quantity  of  caloric  which  disap<« 
pears  during  spontaneous  evaporation,  is  as  great  as 
that  which  is  necessary  to  convert  water  into  steatn. 
We  have  a  right  then  to  conclude,  that  water,  when  it 
evaporates  spontaneously,  is  always  converted  into  va- 
pour, and  of  course  that  it  is  only  io  that  state  that  tl 
eaters  into  the  atmosphere. 

in  the  fourth  place,  Mr  Dalton  bas  demonstrated^ 
that  the  water  which  exists  in  air,  possesses  precisely 
the  same  degree  of  elasticity  that  it  does  when  in  the 

te  of  a  vapour  in  a  vacuum  at  the  same  temperature. 

ence  it  follows  irresistibly  that  it  exists  in  air,  not  in 

e  state  of  water,  but  of  an  elastic  fluid  or  vapovir. 

We  are  authorised  to  conclude,  then,  that  the  water 
which  exisu  in  the  atmosphere  is  iu  the  state  of  vapour. 
This  vapour  is  held  in  solution  by  the  air  precisely  as 
one  species  of  gas  is  by  another.    Hence  the  reason  why 
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.  ^  .i^Jtzuii  -JO  wparate  it,  and  wfaj  it  is  capible  of 
-ottrvoinir  a  cnosderable  degree  of  compression  witb- 
^  iiMiniiny  che  fiorm  of  a  liquid  *• 

1.    Maay  attrmpu  had  been  made  to  mcasore  the 
-^wnn-rr.i  Tvmicr  contained  in  air;  butSaussm  was  the 
r«T  ^nn  attained  any  thing  like  precision.    This  inge- 
xoos  philosopher  has  sbown»  in  his  Hygrometrical  £s* 
vi«w  'tint  an  English  cubic  foot  of  air,  when  saturated 
vith  ^ater,  at  the  temperature  of  06^,  contains  onl^ 
anireie'if*  grains  troy  of  that  liquid^  or  about  -^^Xh  of  its 
«c!^T.     Bat  the  eiq)erimcots  of  Mr  Dalton  were  sns* 
jKtMe  ot  more  precision     As  the  greatest  part  of  tha 
vBttr  at  rhe  atmosphere  is  in  the  state  of  vapour,  llii 
^foaricrr  ot  which  depends  upon  the  temperature,  it  is 
MW'oas,  that  this  elasticity,  provided  it  can  be  asoer* 
ainec,  most  measure  the  quantity  of  vapour  which  ex- 
iles in  :hc  atmosphere,  the  temperature  being  the  same, 
Ti«  etasctcity  or  force  of  vapour  was  determined  by 
nis  F*f«nious  philosopher  in  the  following   manner, 
V  \:ch  had  been  originally  contrived  by  Le  Roy  :  He 
"en^  a  tall  cylindrical  glass  jar,  dry  on  the  outside^  and 
i  l«d  i:  with  cold  spring  water  fresh  from  the  well :  if 
i«  «  was  immediately  formed  on  the  outside,  he  poured 
.iw  water  out,  let  it  stand  a  while  to  increase  in  tcmperv 
mvci  dried  the  outside  of  the  glass  well  with  a  linen  cloth, 
Mki  tfaea  poured  the  water  in  again.      This  operatioa 
was  10  be  continued  till  the  dew  ceased  to  be  formed, 
m4  then  the  temperature  of  the  water  was  observed  ; 
l^il  opposite  to  it  in  the  Table  f  was  found  the  force 
of  ««poBr  in  the  atmo^>here*     This  experiment  must 
^0  cooducted  in  the  open  air,  or  at  a  window  j  be- 
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lUit  Ae  air  witliin  is  generally  more  hiirntd  than  thtt     Chi|uT, 
[Wtthoiit.      Spring  water  is  generally  about  SO*",  and 
iriil  mostly   answer  the  purpose  of  the  three   hottest 
^lonths  in  the  year  :  in  other  seasons  an  artificial  cold 
lAiiimre  is  required. 

From  DaltonU  experiments  it  follows  that  the  qnan- 
lity  of  vapour  in  the  atmosphere  is  variable  in  quantity, 
fn  the  torrid  zone  its  force  varies  from  0*6  to  one  inch 
Wf  tnercnrv'.  lu  Britain  it  seldom  amounts  to  0*6^  but 
ii  often  as  great  as  0*5  during  summer.  In  winter  it 
b  film  as  low  as  0*1  of  an  inch  of  mercury  ^, 

Tlws«  facts  would  eiiable  us  to  ascertain  the  absohite 

lantity  of  vapour  contained  in  the  atmosphere  at  any 

Evtn  time,  provided  we  were  certain  that  the  density 
iddajticity  of  vapours  follow  preci&dy  the  same  law 
that  of  gase**,  as  is  rjttremely  likely  to  be  the  case. 
)f  so^  the  vapour  will  vsry  from  ^th  lo  ^4?^^  R^*  o^ 
the  ttmospherc.  Dalton  supposes  that  the  m«dmni 
ouantity  of  vapour  held  m  solution  at  once  In  the  at* 
ipbrre  may  amount  to  about  ^th  of  iu  bulk  f. 


SECT.  ar.  -  -^ 

OF  CAaJOKlC  ACID  GAS. 

.m£  csistence  of  carbonic  acitj  gas  as  a  consiituent 
of  the  atmosphere,  was  observed  by  Dr  Black  in»* 
Imediiktcly  aifter  he  had  ascertained  the  aatare  of  that  pe- 
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^*^*^^  CBBar  flaid.  If  we  expose  a  pofe  alkali  or  alkaline 
earth  to  the  atBotphere^  it  is  gradnaUy  coiiTerted  into 
a  carbonate  bj  the  ahsorpdoo  of  carbonic  add  fas4 
This  facty  which  had  been  long  known^  rendered  the 
inference,  that  csrbonic  ^cid  gas  existed  in  the  atnio* 
qAere,  uaaToidaUe,  as  soon  as  the  difierenoe  between  e 
p«re  alkali  and  iu  cirboilate  had  been  ascertained  to 
depend  upon  that  add.  Noc  onlj  alkalies  and  alkaline 
earths  absorb  carbonic  acid  when  exposed  to  the  air, 
hot  several  of  the  aKtallic  oxides  also.  Hence  die  rea- 
son that  we  so  often  find  the  native  oaddea  in  the  state 
of  carbonates*  Thnsrsur  is  always  saturated  with  car- 
bonic acid. 

Carbonic  add  gas  not  oolj  fbcms  a  coostifbent  part 
of  the  atmosphere  near  the  snrfiMC  of  the  earthy  but  at 
the  greatest  heights  which  theindastrjof  oaaa  hu  been 
able  to  penetrate.   SaussurefoonditatthetopofMooiit 
Blancy  the  highest  point  of  the  old  continent  $  a  pomt 
covered  with  eternal  sn6w,  and  not  exposed  to  the  in- 
ftaence  of  yegetables  or  animals.     Lime-water  dilnteX. 
with  iu  own  wdght  of  distilled  water,  formed  a  pellid^ 
on  its  snriace  after  an  hour  and  three  quarters  exposure 
10  the  open  air  on  that  mountain ;  and  slips  of  paper~ 
mdstened  with  pore  potash,  acquired  the  propertj  < 
effervescing  with  adds  after  being  exposed  an  hour  i 
a  half  in  the  same  place  *.      Now  this  was  at  a  hdghlft 
no  less  than  15,008  feet  above  the  level  of  the  sea. 
Htimboldt  has  more  lately  ascertamed  the  existeneie  »f 
this  gas  in  atr  brought  by  Mr  Gamerin  from  a  hdght 
not  less  than  4280  feet  above  the  surface  of  the  earth; 
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ht  lie  had  risen  in  an  air  balloon  ^.    Thi»     t;*^P*  ^ 
Dt  i«  a  sufficient  proof  that  the  presence  of  carbonic 
acid  ia  air  docs  not  depend  upon  the  vicinity  of  the 

earth* 

The  difficulty  of  separating  this  gas  from  air  has  ren- 
dered it  difficult  to  determine  With  accuracy  the  rela* 
tire  quantity  of  it  in  a  given  bulk  of  air.  From  the 
cxpcfinenta  of  Humboldt,  it  appears  to  vary  from 
0*005  to  0-€K 

Mr  Dalton's  experiments  give  the  qoautity  much 
smaller.  He  found,  that  if  a  glass  vessel  filled  with 
102300  grains  of  rain  water  be  emptied  in  the  open 
air,  and  125  grains  of  lime  water  be  poured  in,  and  the 
mouth  then  closed ;  by  sufficient  time  and  agitation,  the 
whole  of  the  lime  water  is  just  saturated  with  the  car* 
bontc  acid  whicli  it  finds  in  the  inclosed  volume  of  air  : 
but  125  mrasures  of  lime-water  require  70  measures  of 
carbofiic  acid  gas  to  saturate  them.  Hence  he  concludes, 
that  air  coDtatus  only  ttit?^^  ^^  >^&  ^^^^  of  carbonic 
icid  t« 

From  the  previous  experiments  of  Mr  Cavend'sh, 
however,  we  learn  that  lime  water  is  not  capable  of 
depriving  air  of  the  whole  of  its  carboni.c  acid.  A  por- 
iiau  uill  remains,  which  can  only  be  separated  either  by 
milk  of  lime,  or  by  repeated  washings  with  new  doses 
of  lime-water.  Hence  the  quantity  of  carbonic  acid  in 
air  must  be  considerably  greater  than  it  was  found  by 
Daltou^  I  do  not  know  exactly  the  meaning  of  iimt'^ 
mtfoitr  biing  just  saturattd^  unless  it  signifies  that  it  re- 
fuses to  absorb  any  more  gas.     In  ihai  case  the  whole 
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PoofcJ'  ^  0!  (be  lime  is  held  in  solution  by  the  acid.  It  tniist  be 
difficult  to  ascertain  the  exact  point  of  saturation  ac« 
cording  to  this  sense  of  the  word.  We  maj  conclude, 
however,  from  Dalton'sexperimentythat  thebulkofcar* 
bonic  acid  in  air  does  no{  much  exceed  rvVv^^  ^^  ^^^  ^^* 
snosphere  ;  but  it  is  liable  to  variation  from  difFercnt 
circumstances.  Immense  quantities  of  carbonic  acid 
mu^t  be  constantly  mixing  with  the  atmosphere^  as  it  is 
formed  by  the  respiration  of  animals,  by  combastioni 
and  several  other  processes  which  are  going  on  conti- 
nually. The  quantity,  indeed,  which  is  daily  formed 
by  these  processes  is  so  great,  that  at  first  sight  it  ap- 
pears astonishing  that  the  gas  does  not  increase  rapidly. 
The  consequence  of  such  an  increase  would  be  fatal,  u 
ait  containing  0*1  of  carbonic  acid  extinguishes  light, 
and  is  noxious  to  animals.  But  we  shall  find  reason  %U 
terwards  to  conclude,  that  this  gas  is  decomposed  by 
vegetables  as  rapidly  as  it  is  formed. 


SECT.  IV. 

OF  THE  OTHER  BODIES  FOUKD  IN  THE  ATMOSPHERE. 

r  ROM  the  three  preceding  Sections,  we  see  that  the 


Oompoti-  ^  

tion  of 'he     mosphere  consists  chiefly  of  three  distinct  elastic  fluidS 
auiion>here.  ,  . 

united  together  by  chemical  affinity  ;  namely,  air,  vs^ 

pour,  and  carbonic  acid  gas  ;  differing  in  their  propoc 

tions  at  different  times  and  in  different  places  ^  but  thoB 

the  average  proportion  of  each  is 
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bcsc  bodies,  which  may  be  considered  as  Other  Ih>- 
l  partt  of  the  atmosphere,  the  existence  of  tAlncd  in  te. 
Iwr  bodies  has  been  suspected  in  it.  I  do  not 
Ihts  place  to  incltide  among  those  bodies  dec* 
Ir^  or  the  substance  of  clouds  and  fogv  and 
Ihr  bodies  ivhich  arc  considered  as  the  active 
khe  phenomena  of  meteorology,  but  to  confine 
)ndy  to  those  foreign  bodies  ivhich  have  been 
hf  found  or  suspected  in  air*  Concerning 
ksp  howeveri  verjr  little  satisfactorj  is  known 
1^  «s  we  are  not  in  posiession  of  instruments 
jjr  delicate  to  ascertain  their  presence,  Wc 
I  detect  several  of  them  actually  mixing  with 
irbat  becomes  of  them  afterwards  we  are  un- 


El 


^en  gas  is  said  to  have  been  found  in  air  HvJimcq 
^ar  the  crater  of  volcanoes,  and  it  is  very  pos-  K**- 
I  it  may  exist  always  in  a  very  small  propor- 
p  atmosphere  ;  but  this  cannot  be  ascertained 
fmethod  of  detecting  the  presence  of  hydrogen 
1  with  a  great  proportion  of  air  be  discovered. 
I  experiments  of  Gay  Lussac  and  Humboldt, 
I  that  air  does  not  contain  so  much  as  ttW^^ 
trogcn, 

Ibureted  hydrogen    gag  is  often   emitted  by 
in  considerable  quantities  during  hot  weather^ 

Ace  has  never  been  detected  in  air  ^  so  Ib^t 

c? 
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,  Bo*>fcI«      in  all  probability  it  is  again  decomposed  by  some  on- 
known  process. 

9.  Oxygen  gas  is  emitt)»l  by  plants  during  the  day. 
We  shall  afterwards  find  reason  to  conclude' that  this  is 
in  consequence  of  the  property  which  plants  have  of 
absorbing  and  decomposing  carbonic  acid  gas.    Now»  as 
this  carbonic  acid  is  formed  at  the  expence  of  the  ox- 
ygen of  the  atmosphere^  as  this  ox}  gen  it  again  resto- 
red to  the  air  by  the  decomposiiion  of  the  acid,  and  as 
the  nature  of  atmospheric  air  remains  unaltered,  it  is 
^    dear  that  there  must  be  an  equilibrium  between  these 
two   processes ;   that  is  to  say,  all  the  carbonic  acid 
formed  by  combustion  must  be  again  decomposed,  and 
all  the  oxygen  abstracted  must  be  again  restored.    The 
oxygen  gas  which  is  thus  continually  returning  to  the 
air,  keeps  its  component  parts  always  at  the  same  ratio. 
4.  The  smoke  and  other  bodies  which  are  continu- 
ally carried  into  the  air  by  evaporation,  &c.  are  pro- 
bably soon  deposited  again^  and  cannot  therefore  be 
considered  with  propriety  as  forming  parts  of  the  at- 
mosphere.    But  there  is  another  set  of  bodies  which 
are  occasionally  combined  with  air,  and  which,  on  ac- 
count of  the  powerful  action  which  they  produce  on 
the  human  body,  have  attracted  a  great  deal  of  atten- 
tion.    These  are  known  by  tlie  names  of  matters  oE" 
contagion. 

That  there  is  a  difFerence  between  the  atmosphere  in. 
different  places,  as  far  as  respects  its  effects  upon  th^ 
human  body,  has  bc^n  considered  as  an  established, 
point  in  all  ages.  Hence  some  places  have  been  cele- 
brated as  healthj,  and  others  avoided  as  pernicious  to 
the  human  constitution.  It  is  well  kiiown  that  in  pits 
and  mines  tlie  air  is  often  in  such  a  state  as  to  suffbcato 
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initaataneously  those  who  attempt  to  breathe  it.  Chip.  L 
Some  places  arc  haunted  by  peculiar  diseases.  It  is 
k0ovra  that  those  who  frequent  the  apartments  of  per« 
sons  ill  of  certain  maladies,  are  extremely  apt  to  catch 
the  infection;  and  in  prisons  and  other  places,  where 
crowds  of  people  are  confined  together,  when  diseases 
once  commence,  they  are  wont  to  make  dreadful  havoc. 
In  ail  these  cases^  it  has  been  iiuppost^d  that  a  certain 
noxious  matter  is  dissolved  by  the  alr^  and  that  it  is  the 
Action  of  thib  matter  which  produces  the  mischief. 

This  noxious  matter  is  in  many  cases  readily  distill*   Coota^cmt 
'     '  hv  the  peculiarly  disagreeable  nmell  which  it   "*^**^' 
ates  to  the  air.     No  doubt  this  matter  differs 
mg  to  the  diseases  which  it  communicates,  and 
the  substance  from  which  it  has  originated.     Alorveau; 
lately  attempted  to  ascertain  its  nature ;   but  he  socta 
found  the  chemical  tests  hitherto  discovered  altogether 
insufficicm  for  that  purpose.     Me  has  put  it  beyond  a 
doubt,  however,  that  the   noxious  ms^tter  which  rises 
from  putrid  bodies  ts  of  a  compound  nature  ;  and  that 
ilis  destroyed  aliogether  by  certain  agents,  particularly 
by  those  gaseous  bodies  which  readily  part  with  their 
oxygen.     He  exposed  air  infected  by  putrid  bodies  to 
%hc  atciioo  of  various  substances^  and  he  judged  of  the 
vettilt  by  the  effect  which  these  bodies  had  in  destroy- 
ing the  fetid  smell  of  the  atr.    The  following  is  tilt:  ce. ' 
molt  ot  his  experiments. 

1.  Odorous  bodies,  such  as  benzoin,  aromatic  plantSp) 
&c.  have  no  effect  whatever.  2*.  Neither  have  the  solu- 
tions c:  1,  benzoin^  &c.  in  alcohol,  though  agita- 
ted mi  air,  3.  PjroJignous  acid  is  equally  in^ 
ert.  4.  Gunpowder,  when  fired  m  infected  air,  displa* 
<rs  a  ponian  of  it  f  but  what  remains  s*ill  retains  its  fe- 
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Bookl*  tid  odour.  5*  Sulphuric  mi^d  has  no  effect  i  ftu]pfiitr<nil 
acid  weakens  the  odour,  but  does  not  destroy  it*  6.  Vi* 
negar  diminishes  the  odour^  but  its  action  is  slow  and 
incomplete*  1*  Acetic  acid  acts  mstantljr,  and  de&trojrs 
the  fetid  odour  of  iofected  air  completclj*  §.  The 
fumes  of  nitric  acid,  first  employed  by  Dr  Catmichael 
Smith,  are  equally  efficacious.  0.  Muriatic  acid  gai, 
first  pointed  out  as  a  proper  agent  by  Monreau  bimielf, 
is  equally  effectual*  10*  But  the  most  powerful  ageot  ^ 
ts  oxymuriatic  acid  gai^  first  proposed  by  Mr  Cruik«  ^fl 
shanks»  and  now  employed  with  the  greatest  success  in 
the  British  Navy  and  Military  Hospitals. 

Thus  there  are  four  substances  which  have  the  pro* 
perty  of  destroying  contagious  matter,  and  ot  purifying 
the  air  :   but  acetic  acid  cannot  easily  be  obtained  it 
sufiicient  qiMnti ty,  and  in  a  state  of  sufficient  coacc 
tration,  to  be  employed  with  advantage.     Nitric 
may  be  attended  with  some  inconvenience,  because  it  ia 
almost  always  contaminated  with  nitrous  gas.  MuiiatieV 
acid  and  oxymuriatic  acid  are  not  attended  with  these 
inconvenicncet  I  the  last  deserves  the  pre^rrence,  be* 
cause  it  acts  with  greater  energy  and  rapidity.     All 
that  is  necej^sary  is  to  mix  together  two  parts  of  com* 
mon  salt  with  one  part  of  the  black  oxide  of  manga- 
nese, to  place  the  mixture  in  an  open  vessel  in  the  in 
fected  chamber^  and  to  pour  upon  it  two  parts  of  sisJ- 
phuric  acid.     The  fumes  of  oxymuriatic  acid  are  im-^ 
mediately  exhalt^d,  fill  the  chamber,  and  destroy  the 
cotitagioin.    Or  the  oxy muriate  of  lime,  sold  for  the  puf^^H 
poses  of  the  bleacher,  m;iy  be  mixed  with  sulphurieS 
acid,  and  placed  in  the  infected  apartment. 
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CHAP.  II. 


OF  MFTKOROLOGY* 


pit  ttie  phenomena  of  the  weather  must  have  at 
atiracted  much  of  the  attention  oi  tnaiik<  ^\ 
^  their  subsistcfice  and  their  comfort  in  a  £t  at 
B  depended  upon  them,  it  was  not  lill  the  iifli 
K  that  any  considerable  progress  was  made  in  in- 
PUog  the  laws  of  meteorology.  How  desirous  so* 
Ae  andcnis  might  have  been  to  acquire  an  accu* 
awledge  of  thii  science,  their  want  of  proper  in- 
Its  entirely  preclnded  them  frotn  cuJtivautig  it. 
I <iisco very  of  tlic  barometer  and  tbermomeier  to 
century,  and  the  mvention  of  accurate  ekclro- 
nd  hygrometers  in  the  ISthi  this  detect  is  now 
L  supplied  ;  and  philosophers  are  enabled  to 
eiaorafegical  observations  with  ease  and  accu- 
Accordingly,  a  very  great  number  of  such  ob- 

fms  have  been  collected,  which  have  been  ar- 
and  examined  from  time  to  time  by  ingenious 
and  consequences  deduced  from  them,  on  which 
different   theories   of  the  weather  have  been 
jbut  meteorology  is  a  science  so  exceedingly  diffi- 
it  notwithstanding  the  united  exertions  of  some 
irst  philosophers  of  the  at^e,  the  phenomtna  n( 
bcr  axe  itill  very  iar  tiO.Li  b^nug  1.0   pletel/ 
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^^*^^  .  understood ;  nor  can  we  expect  to  see  the  veil  removed 
till  accurate  tables  of  observations  have  been  obtained 
from  every  part  of  the  world,  till  the  atmosphere  has 
been  more  completely  explore^,  and  the  chemical 
changes  which  take  place  in  it  ascertained. 

The  changes  which  take  place  in  the  atmosphere  de- 
monstrate,  in  the  clearest  manner,  that  new  combina. 
tions  and  decompositions  are  continually  going  on  in  it. 
On  these  chemical  alterations  the  greater  number  of 
meteorological  phenomena  depend :  they  may  be  con- 
sidered as  the  result  of  the  mutual  action  of  the  diffin'. 
cnt  component  parts  of  the  atnu>sphere ;  and  would  ad« 
flut  of  an  easy  explanation,  if  we  were  thoroughly  ac- 
quainted with  all  those  substances,  and  with  the  cbeai^ 
cal  laws  which  govern  their  action.     The  most  impor. 
tant  meteorological  phenomena  are,  l.   The  changes 
which  take  place  io  the  weight  of  the  atmosphere ;  2.. 
The  changes  which  take  place  in  its  temperature  ;  s^ 
The  ehanges  in  its  quantity  by  evaporation  and  rain^ 
Sec. ;  4.  The  violent  agitation  into  which  it  is  oftecs 
thrown  $  and,  5*  The  electric  and  other  phenomensa 
which  sometimes  accompany  or  occasion  these  predpi-  « 
tations  and  agitations.     The  consideration  of  these  snb*^ 
jects  shall  occupy  the  six  following  Sections.     . 
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SECT-  I. 


fES  IK   THE  WEIGHT  OF   THE  ATMOSrHERE* 


lire  Men  in  the  last  Chapter^  that  the  baromeu 
to  us  ite  weight  of  a  column  of  air  extendi 


Height  of  ' 


'»£ 


I  of  the  aimosphcre,  and  whose  base  is  equal   tU*a, 


i»f  the 


At  the  level  of  ihc 


•lion 


mercury  ► 

nn  of  air  is  longest,  the  mean  height  oi  the  ba- 

is  90  inches.     This  Sir  George  Shuckburgh 

be  the  case  tu  the  Mediterranean  and  the  Chan. 
be  temperaiurc  of  55*'  and  ^O"* ,  Mr  Buiigucr, 
poast  of  Ptru^  in  the  tcmperatuie  of  84°  ;  and 
nlgrave,  in  latitude  80**»  The  mean  height  of 
;>meter  i%  less  the   higher  any  place  is  situatc-d 

e  level  of  the  sea,  bccauK  the  column  of  air 
iDpports  tiie  mercury  is  liie  shorter.  The  baro. 
las  accordingly  beeu  used  for  measuring  heigh t$« 

barometer  be  allowed  to  reoiaio  in  one  place,   vaH^itlwa. 
fcury  doe&  not  continue  btaiionary  i  !»omeiimes 
ud  at  other  times  falls,  varymg  to  the  extent  of 
inches;  of  couti»e  the  weight  of  the  fiir  which 

the  mercury  must  be  siibjrct  to  the  same 
Hence  we  learn  that  the  air  in  the  same  place 
ioifS  light  and  at  other  times  heavy  j  differences 
hnust  be  owing  to  changes  in  its  quantity.  The 
Jcr  then  informs  us  that  the  quantity  of  air  above 
i  is  liable  to  conUnual  alterations.    Consequent- 

the  air  accumulates  in  particular  spot8»  whiJe 


J^^  .   It  pirtitUj  ftbaodons  others ;  or  pirt  of  the 
phere  muit  be  tltemttelj  abstraeted  altogeth> 
restored  tgain  bj  some  constent,  though  apptre 
regular  process. 

Between  the  tropics  the  variations  of  the  bai 
are  ezceedbglj  snoall ;  and  it  is  remarkable, 
that  part  of  the  world  it  does  not  descend  above 
much  for  every  800  feet  of  elevation  as  it  does 
the  tropics  *•  In  the  torrid  zone,  too,  the  baroi 
devated  about  tw6-thirds  of  a  line  twice  eve 
From  the  observations  of  Mr  Horsburgh  we  lea 
in  the  tropical  aeas^  that  is,  from  north  latitude 
south  Mtttnde  87^,  the  mercurj  reached  its  ] 
height  at  eight  A.  M.  and  continued  stationary  ti 
After  noon  it  began  to  fall,  and  continued  fall 
four  P.  M.  at  which  time  it  arrived  at  the  lowe 
of  depreasioo.  From  four  or  five  P.  M.  the  n 
rose  again,  and  ecmtinued  rising  till  about  nine 
P.  M.  at  which  time  it  had  again  acquired  its ; 
point  of  elevation,  and  continued  stationary  ne 
midnight,  after  which  it  began  to  fall,  till  at  fout 
it  was  again  as  low  as  it  had  been  at  four  aft 
From  this  time  it  rose  till  seven  or  eight  o'clock 
it  reached  iu  highest  point  of  elevation  f.  Mi 
burgh  observed,  that  these  diurnal  elevations  i 
pressions,  which  he  calls  epMircficalmoticnt,  W( 
formed  regularly  while  at  sea  ^  but  when  the  bar 
were  carried  ashore,  or  when  the  vessel  was  in 
they  could  seldom  be  observed.  It  is  difficult 
cei?e  a  reason- for  this  singular  fact,  unless  we  i 


•  M.  CatuR,  Jwr.  d-  Pbys,  April  1 790,  |W  s68« 
f  NichoIaoD^ft/MT.  xiii.  17. 
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cotiQCCttd  wiih  the  roution  of  the  ship,  which,  by  re-   '  Chap.  U. 
guhtly  agicaiing  the  mercury^  might  make  its  ekva- 
tiens  and   depressions  more   sensible  and  correct  thaJi 
^liea  the  barometer  continues  stationary. 

As  the  latitude  advances  towards  the  poles,  the  range  AchuaI 
ol  the  barometer  gradually  increases,   till  at  la&t  it  a- 
gBKrimts  to  two  or  three  inches.     This  gradual  increase 
"^iU  appear  trom  the  follovving  Table, 

Table  of  the  Range  of  the  Barometer* 


Range  ill  the  fiaf  omettfr.  | 

t^ihttdt. 

Flacci. 

Grc3?c*L 

Anrnjal, 

Q^    0' 

Peru 

0*20* 



22    23 

Calcutta 

0  lit 



33    55 

Cape  Town    ' 

— 

0'89$ 

40   55 

Naples 

1-00  • 

ii^ 

31      8 

Dover 

2-47  j 

1*S0 

53    13 

Middlewick 

:vou  § 

1*94 

53    23 

Liverpool 

2-89  § 

1-96 

59   56 

Petersburgh 

3-45  •• 

2-17 

In  North  America,  however,  the  range  of  the  baro- 
taeM.  etcr  is  a  great  deal  less  than  in  the  corresponding  Eu- 
fopean  latitudes.  In  Virginia,  for  instance,  it  never 
e^cceeds  VI  ||. 

The  range  of  the  barometer  is  greater  at  the  level  of 
^e  sea  than  on  the  mountains  ;  and  in  the  same  degree 


•  Kirwan,  liiiS  Tfttmt.  vol.  iii*  p,  47, 

%  B4frow*«  Ttmvfti^  p.  41.  |  MaMBetUt  Trmi^rt^  iv. 

••  EJinhttr$h  TrAnu  vol  ii,  p.  ta^. 
1  Tr***.  FhUM^  Tol.  ii.  p.  14a. 
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^  Rook  L      of  latitude^  the  extent  of  the  range  is  in  the  inverse  ra- 
tio of  the  height  of  the  place  above  the  level  of  the 
sea. 
Diurnal  From  a  table  published  bj  Mr  Cotte  in  the  Jawrtkd 

^^^^  de  Pbysi^i*^  it  setms  exceedingly  probable  that  the 

barometer  has  always  a  tendency  to  rise  from  the  monu 
ing  to  the  evening  ;  and  that  this  tendency  is  greatest 
between  two  o'clock  in  the  afternoon  and  nine  at  nighl^ 
at  which  hour  the  greatest  elevation  takes  place  i  that 
the  elevation  of  nine  o'clock  differs  from  that  of  two 
hy  ^ihs,  while  that  at  two  differs  from  the  momiDg^ 
elevation  only  by  ^Tth  ;  and  that  in  certain  climate^ 
the  greatest  elevation  takes  place  at  two  o'clock*     Th^e 
following  is  a  part  of  the  Table  on  which  these  ok  ^« 
aervations  are  founded,  reduced  to  the  English  staadi 


*  Aog.i79o,p.  ita 
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^  Book  T.     nuarjy  February,  March,  of  the  year  1774,  was  V49i 
and  for  the  six  summer  months  1*016  *• 

In  serene  and  settled  weather  it  is  generally  high ; 
and  low  in  calm  weather,  when  the  air  is  inclined  to 
rain  ;  it  sinks  on  high  winds,  rises  highest  on  easterly 
and  northerly  winds,  and  sinks  when  the  wind  blowi 
from  the  south  f .  At  Calcutta  t  it  is  always  highest 
when  the  wind  blows  from  the  north-west  and  north, 
and  lowest  when  it  blows  from  the  south-east. 

The  barometer  falls  suddenly  before  tempests,  andL 
undergoes  great  oscillations  during  their  continuance « 
Mr  Copland  j  of  Dumfries  has  remarked,  that  a  higfe 
barometer  is  attended  with  a  temperature  above,  and  ^ 
low  barometer  with  one  below,  the  monthly  mean. 

Such  are  the  phenomena  respecting  the  variations  c^ 
the  barometer,  as  far  as  they  can  be  reduced  under  g^ 
neral  heads.  Various  attempts  have  been  made  to  exz: 
plain  them,  but  hitherto  without  any  great  degree  t^ 
success.  The  theory  of  Mr  Kirwan  appears  most  plau^  - 
sible,  though  it  is  not  sufficient  to  explain  all  the  fact^ 
The  following  observations  may  be  considered  as  a  kin^ 
of  abstract  of  his  theory,  except  in  one  or  two  instances 
Atmo-  It  is  evident  that  the  density  of  the  atmosphere  £ : 

iFghett  at  '^^^^  ^^  ^^^  equator  and  greatest  at  the  poles  $  for  at  th« 
thcequa.-  equator  the  centrifugal  force,  the  distance  from  tk« 
centre  of  the  earth,  and  the  heat,  all  of  which  tend  tc: 
diminish  the  density  of  the  air,  are  at  their  maximuxrBj 
while  at  the  pole  they  are  sit  their  minimum.  The 
mean  height  of  the  barometer  at  the  level  of  the  sea,  all 


tor, 


«  MpHchnicr  Trans,  vol.  iv.  p  543.  f  Dr  Hallcy. 

I  Atiutic  Ket:aTibct^\o\.  ii.  Appendix- 
)  McHcbeiter  Trans,  vol.  iv. 


is  30  inches     ^^     -    -^ht  of  the  attnos- 

le,  h  the  saui  c  globe*     The 

of  the  mtinos]>here  dkpeod^  on  its  densit/  and 

where  the  dtnsu^  of  ilic  aimo^phcre  i*  greatest, 

hi  must  be  least;  aiid^  on  the  contrary,  where 

pntj  is  ka»t,  its  height  mu&t  be  the  greatest*  The 

i  of  the  atmosphere,  therefore,  must  be  greatest  at 

ator,  and  least  at  the  poles  ;  and  it  must  decrease 

illy  between   the  equator  and  the  poles,  so  that 

r  surface  will   resemble   two  inclined  planes 

ling  above  the  equator^  their  highest  part  \ 

llMiiig  summer^  when  the  sun  is  in  our  hemisphere, 

^ean  heat  between  the  equator  and  Ute  pole  does 

jiHer  so  much  as  in  winter.      Indeed  the  beat  of 

Em  countries  at  that  time  equals  the  heat  of  the 
xone  :  thus  in  Russia,  during  July  and  Augusf, 
ennocoeter  rises  to  S5**  t-  Hence  the  rauiy  of 
Umosphere  at  the  pole,  and  consequently  its  height, 
B  increased.  The  upper  surface  of  ibe  atmosphere, 
&re,  m  the  northern  hemisphere  will  be  lew  incli- 
rhile  that  of  the  southern  hemisphere,  from  con- 
causes,  will  be  much  more  inclined*  The  Tcry 
e  will  take  place  during  our  w^tnter. 
e  deusiiy  of  the  atmosphere  depends  in  a  great 
ifcon  ihc  pressure  of  the  superincumbent  column; 
icrefore  decreases  according  to  the  height,  as  the 
of  the  superincumbent  column  constantly  de- 
But  the  density  of  the  atmosphere  in  the  tor- 
ne  will  not  decrease  so  fast  as  in  the  temperate  and 
xonea  ;  because  its  column  is  longer,  and  becauee 


f  Dr  Guthrk»  £/i«.  Tr^a^.  iroL  ii.  p.  719^ 
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Book  I-  there  is  a  gretter  proportion  of  air  io  the  higher  part  itf 
this  column.  TThis  accounts  for  theobserration  of  Bfr 
Cassan,  that  the  barometer  only  sinks  half  as  much  fix 
every  200  feet  of  elevation  in  the  torrid  as  in  the  tem- 
perate zones.  The  density  of  the  atmosphere  at  the 
equator,  therefore,  though  at  the  surface  of  the  earth  it 
is  less,  must  at  a  certain  height  equal,  and  at  a  still 
greater,  surpass  the  density  of  the  atmosphere  -in  the 
temperate  zones  and  at  the  poles. 
Hence  the         A  current  of  air  is  constantly  ascendine  at  the  eqna* 

•ir,  as  It  a*-  "^  .  . 

cendt,rolU     tor,  and  part  of  it  at  least  reaches  and  contmues  in  the 

coldm  ^      higher  parts  of  the  atmosphere.     From  the  flniditj  of 
H^*  air,  it  is  evident  that  it  cannot  accumulate  above  the 

equator,  but  must  roll  down  the  inclined  plane  which 
the  Ujjper  surface  of  the  atmosphere  assumes  towards 
the  poles.  As  the  surface  of  the  atmosphere  of  the  nor- 
thern hemisphere  is  more  inclined  during  our  winter 
than  that  of  the  southern  hemisphere,  a  greater ^osa- 
tity  of  the  equatorial  current  of  air  must  flow  over  upon 
the  northern  than  upon  the  southern  hemisphere ;  so 
that  the  quantity  of  our  atmosphere  will  be  greater  da- 
ring winter  than  that  of  the  southern  hemisphere  :  bat 
during  summer  the  very  reverse  will  take  place.  ''Heace 
the  greatest  mercurial  height  takes  place  during  winter, 
and  the  range  of  the  barometer  is  less  in  summer  than 
in  winter. 
Air  accu-  The  density  of  the  atmosphere  is  in  a  great  measure 

ver  cold        regulated  by  the  heat  of  the  place :  wherever  th«  cold 
places.  £g  greatest,  there  the  density  of  the  atmosphere  will  be 

greatest,  and  its  column  shortest.  High  countries,  and 
ranges  of  lofty  mountains,  the  tops  of  which  arc  cover- 
cd  with  snow  the  greatest  part  of  the  year,  must  be 
Buich  colder  than  other  places  situated  in  the  same  de* 


wsioffi^  tit  ink  air: 
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ight 


tf  Utitude,  md  conse^^tientljr  the  column  of  tit 
them  rooch  shorbr .  The  current  of  fopcrior  lir 
n  linger  and  accumtilite  over  these  places  in  its  pas* 
kge  towtrds  the  polei,  aod  thai  otcastbn  an  irregularis 
in  its  motion^  which  wit!  produce  a  similar  irregu. 
ity  io  the  barometer.  Such  accutnalations  will  be 
fCd  over  the  north- wfestern  parts  of  Asia  tnd  over 
wth  America ;  hence  the  birotnetet  usually  stands 
er»  and  varies  less  there  than  in  Europe*  Accn- 
lations  are  als6  formed  upon  the  Pyrenees,  the  Alps^ 
e  mountains  of  Afri^a^  Turkey  in  Europe,  Tartary^ 
id  *nbct.  When  these  accuihulatlons  have  gone  on 
r  some  time,  the  density  of  the  air  becomes  too  great 
be  fxilanced  by  the  surrounding  atmosphere  i  it 
Islics  down  on  the  neighbouring  Courttrles,  and  pro- 
ftces  Cbld  winds,  which  raise  the  barometer.  Hence 
rise  of  the  barometer  which  generally  attends  north* 
1st  winds  in  Europe,  as  they  proceed  from  acCudiula- 
m%  in  the  north-west  of  Asia;  or  about  the  pole  ; 
lence^  toO^  the  north-west  wind  from  the  mountaios  of 
Tibet  rmises  the  barorfieter  at  Calcutta* 
It  is  poUible  that  co^isiderable  Quantities  of  air  are 
Aionally  destroyed  in  the  polar  regions.  When  this 
happens,  the  atmosphere  to  the  south  rushes  in  to  fill 
Ip  the  void.  Hence  south-west  winds  take  place,  and 
le  barometer  falls. 

At  the  mean  height  of  oUr  hemisphere  dlfierf  tn  diffe- 
mt  years,  the  density  oC  the  atmosphere,   and  conse* 
.ently  the  quantity  of  equatorial  air  which  flows  to* 
rsrds  the  poles,    must  also  be  variable.     HenCe  the 
oge   of  the  barometer  is  different  in  different  years- 
toes  this  tinge  correspond  to  the  mean  annual  heat  ^ 
is  to  say,  is  the  ran^e  greatest  when  the  beat  ii 


.  ^'-     ItuX,  and  least  vhfiiij,the  bea^  is  greatest}  :Iii  wome 
.  years,  greater,  accumulations  ^  tbaa  iisaaX  take  place  in 
the  mouDtainous  parts.ia  the  seutLof  Europe  and  Asia, 
owiogt  perhapSi  to  earlier  fidls  of  snowi  or  to  the  rajs 
of  the  sua  having  been  excluded  bjlong-ogntinuedfo^. 
When  this  takes  place,  the  atmosphere,  an  ,the  polar  ic- 
■  gions  will  be  proportionablj  lighter.      Qeoce  the  pet. 
▼alence  of  soutberlj  winds  during  some  wintera  more 
thas  others. 
2^^[i^         As  the  heat  in  the  torrid  zone  never  differs  amk, 
varict  Utile    the  density^  and  consecpientl/  the  height  of  the  atme- 
ikettvpici.    sphere,  will  not  vary  much.     Hence  the  rangf-o|tlw 
barometer  within  the  tropics  is  comparaiivelj  sfltipB; 
and  it  increases  gradually  as  we  approach  tbe.poks^bc* 
cause  the  difference  of  the  temperature,  and  cqrii. 
queAtly  of  the  density  of  the  atmosphere,  iacreases  with 
the  latitude* 

The  falls  of  the  barometer  which  precede^  and  Ac 
oscillations  which  accompany,  violent  storms  and  hau 
ricanes,  show  us  that  these  phenomena  are  produced  bjr 
.  very  great  rarefactions,  or  perhaps  destructioil  of  sir, 
in  particular  parts  of  the  atmosphere.  The  Gdliof 
the  barometer,  too,  that  accompany  winds, proceed  fran 
the  same  cause. 

The  falling  of  the  barometer,  which  generally 
cedes  rain,  remains  still  to   be  accounted  f or }  but 
know  too  little  about  the  causes  by  which  rain  is  pro- 
duced to  be  able  to  account  for  it  in  a  satisfactory  ass* 
nerv 


fc  teroperalurc  of  the  air  vanes  considerablj^ 

I  the  different  climates  and  in  different  seasons^ 

in  tbe  same  place  and  in  the  same  season^ 

Fohvious  to  the  most  careless  observer.      This 

m  variation  cannot  be  ascribed  to  the  direct  heat 

fti ;  for  the  rajs  of  that  luminarj  seem  to  pro* 

icffcct  whatever  upon  air,  though  ever  so  ranch 

ited  :  but  they  warm  the  surface  of  the  earthy 

nmunicates  its  heat  to  the  surrounding  almo-^ 

Hence  it  happens  that  the  temperature  of  the 

in  those  places  which  are  so  situated  as  to 

armed  by  the  sun^s  rays,  and  that  it  varies 

region  with  the  season  of  the  year.    Hence^  too^ 

why  it  diminishes  according  to  the  height  of 

bove  the  surface  of  the  earth.      That  purtion 

Irtb  which  lies  at  the  equator  is  exposed  to 

!  perpendicular  rays  of  the  sun.     Of  course  it  is 

the  heat  of  the  earth  diminishes  gradually 

luator  to  the  poles.     The  temperature  of  the 

[follow  the  same  order.     The  air^  then,  is  hot- 

'  the  equator^  and  its  temperature  gradually  ds- 

from  the  equator  to  the  poles,  where  it  is  cold* 

It  IS  hottest  at  the  equator^  and  it  becomes 

colder  according  to  its  height  above  that  tur* 

el  tis  examine  the  nature  of  these  two  dimi- 

progressions  of  temperature. 
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METEOHOtaOT* 

I*  Though  the  temperature  of  the  nt  is  highest  It 
the  equator,  and  gradually  sinks  as  U  approach^  tiie 
pole  ;  yti  as,  in  every  place,  the  temperature  of  the  air 
is  constantly  varying  with  the  season  of  the  year,  wr 
cannot  form  any  precise  notion  of  the  progression  with- 
out taking  the  temperature  in  ercry  degree  of  latilmie 
for  every  day  of  the  year,  and  forming  from  each  a 
mean  temperature  for  the  whole  year ;  which  is  doae 
by  adding  together  the  whole  observations,  and  divi- 
ding  by  their  number.      The  quotient  gives  the  mess 
temperature  for  the  year.      The  diminution  from  the 
pole  to  the  equator  takes  place  in  arithmetical  progrci. 
ston :  or,  to  speak  more  properly,  the  annual  tempers- 
ture  of  all  the  latitudes  are  arithmetical  means  betweei 
the  mean  annual   temperature  of  the   equator  and  the 
pole.     This  was  first  discovered   by  Mr  Meyer;  sod 
by  means  of  an  equation  which  he  founded  on  it,  but 
rendered  considerably  plainer  and  simpler,  Mr  Ktrwsa 
has  calculated  the  mean  annual  temperature  of  txtxj 
degree  of  latitude  between   the  equator  and  the  pole* 
He  proceeded  on  the  following  principle  :  Let  the  tneaa 
annual  heat  at  the  equator  be  fv,  and  at  the  pole  m^$i 
put  o  for  any  other  latitude  ;  the  mean  annual  tempe- 
rature of  that  latitude  will  be  m — nXsin*  ^*,  If  there* 
fore  the  temperature  of  any  two  latitudes  be  known^ 
the  value  of  m  and  n  may  be  found.       Now  the  tem- 
perature of  north  lat.  40^  has  been  found  by  the  betV 
observations  to  be  62*1**,  and  that  of  lat*  50%  52'9^- 
Thc  square  of  the  sine  of  40**  is  nearly  0*410,  and  ths^ 
square  of  the  sine  of  50^  is  nearly  0*586.      Tbcfefor^^ 
w— 0*41  n  =  <5;?*1,  and 
m-^Q*5S  ff  =:  52'9  ;  therefore 
Ct'l+O'iX  n  —  52-S>  4-  0-55  «,  as  each 


Uhetft,  Trom  the  two  first  equations^  is  cqtjal  to  m.  Prom 
this  hsi  equation  the  value  of  n  is  found  to  be  53  near- 
Ij  ;  aticl  m  is  nearly  equal  to  84*  The  mean  tempera^ 
Muv  of  the  equfttor  therefore  is  84^»  and  that  of  the 
"pole  31**.  To  find  the  mean  temperature  for  every 
other  }atirude,  we  have  only  to  find  88  arithmetical 
meiJts  between  84  and  31.  fo  this  manner  Mr  Kirwan 
okiilated  the  foUowing  Table  : 


Table  «/*fAf  Mean  Annual  Temperature  x>ftli  Standi 
ard  Situation  in  every  Latitude, 


Temper. 


31- 

3r04 

31*10 

ai*i4 

31*2 

Jl'4 

31-5 

31-1 

32' 

82- 2 

32  t> 

3  2"  9 

332 

33'7 

341 

34-5 

35- 

35-5 

3ti* 

3a*4» 

31*2 

31*8 


Lac.  rl'diipcr.      Lmc. 


68 
<i7 
60 
65 
64 
6i 
<52 
61 

59 
58 
51 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 


38*4 
39*1 

40-4 

4J*2 

4rf> 

42*1 

43^5 

44-3 

45*09 

45*8 

46-1 

4T5 

48-4 

40*2 

50*2 

511 

52 '4 

52*9 

53*8 

54-1 

53*0 


40 
45 
44 
45 
42 
41 
40 
30 
39 
31 
3(5 
35 

:?4 
3:* 

32 
31 
30 
29 
28 
21 
26 
25 


Temper, 


5d-4 

51-5 

58*4 

59*4 

Cia-3 

61-2 

62* 

63- 

63*9 

64-8 

651 

06-6 

61-4 

68*3 

69-1 

6^9 

1U*1 

11-5 

73-3 

12*8 

73*8 

74-5 


Lat. 

Temper, 

1  24 

75*4 

23 

lyu 

22 

7(i'5 

21 

77*2 

20 

77*8 

19 

7S*3 

18 

7B*y 

17 

19*4 

J6 

19-9 

15 

80-4 

14 

80-8 

13  1 

81*3 

12 

81*7 

11 

82' 

10 

82-3 

9 

82-1 

h 

82*9 

7 

83-2 

6 

83-4 

5 

83-6 

U 

84- 

ff4 


&0«>k  I, 


monthlf 

lure. 


TShis  Table,  however,  only  gnswers  far  the  tctnpctt- 
tare  of  the  Atmosphere  of  the  ocean.     It  was  calculated 
for  that  pan  of  the  Atomic  Oc-ean  which  lies  between 
the  8Qth  degree  of  northern  s|nd  the  43th  of  southerti 
latitude,  and   extends    westwards  as  far  as  the  Gulf* 
Urcaru,  and  to  within  a  few  leagues  of  the  coast  of  A- 
merica  ;  md  for  all  that  part  of  the  PactficOceao  rtacb* 
ing  from  ht.  45^  north  to  lat.  40^  &outh|  from  the  20th 
to  ^he  27£7th  degree  of  longitude  east  of  London,     Thit 
part  of  the  ocean    Mr  Kirwaa  ctlU  the  statidard  :  the 
rest  of  the  ocean  is  subject  to  anomalies  which  will  be 
afterwards  mentioned. 

Mr  Kirwau  has  also  calculated  the  cneao  montfil/ 
temp^raiure  of  the  standard  ocean.     The  principles  on 
which  he  went  were  these  :  The  mean  temperature  of 
April  vccms  to  approach  very  nearly   to  the  mean  an. 
nual   tempera  lore  ;  and  as  far  as  heat  depends  on  the 
action  of  ilic  solar  rays,  the  mean  heat  of  every  month 
is  as  the  mean  altitude  of  the  sun,  or  rather  as  the  sine 
of  the  lun's  altitude*    The  mean  beat  of  Aprils  tbete^ 
fore,  and  the  sine  of  the  sun^s  altitude  being  gtven^  tbtt 
mean  heat  of  May  it  found  in    this  manner  :    As  th^ 
sine  of  the  sun's  mean  altitude  in  April  is  to  the  meacm. 
hei»t  of  April,  so  is  the  sine  of  the  sun*s  mean   altitude? 
in  May  to  the  mean  heat  of  May.    In  tlie  same  roanne^^ 
the  mean  heats  of  June,  July,  and  August,  are  found  ^ 
but  the  rule   would  give  the  temperature  of  the  suo— ^ 
ceeding  months  too  low,  because  it  does  not  take  in  tb^S^ 
heat  derived  from  the  earth,  which  poMesses  a  degietf^ 
of  heat  nearly  equal  to  the  mean  annual  temperature    ^ 
The  real   temperature  of  these  months  therefore  mufc^ 
be  looked  upon  as  an  arithmetical  mean  between  ilk  ^ 
astronomical  and  terrestrial  heats*      Thus  in  latitocK--^ 
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5^ 

31^,  tibe  «stn(Bomical-,I^at  o)t[  ^'^iiifQth  d^  September  ^ChipLTt  ; 
is  44*6^9  and  the  mem  -tfnnnil  YusmX  is-  58^4^  ^'therefore 

the  real  hemt  oT  tfaia  mbnaihgnM  fce^^^^^  V4t'5> 

Mr  Kirwaiiy  howeV^«  tfter  goxog  cfarotigh  a  tedious 
cakttlatiooy  foimd'the  tetolts  lb  igree  soUlmth  obser- 
vatioos,  that  h^r^dtt^  ik^  the  £bnowiag  libk,  partlj 
from  prindpl^  and  par^j-by  studying  a  variety  of  sea 
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From  tbis  Table  it  appears  that  Jmutry  is  the  col  J* 
est  month  in  every  hritudc,  and  that  Julj  is  the  warm* 
est  month  in  all  latitudes  above  48^.  In  lower  Uiimdes  fl 
August  ia  generally  warmest.  The  diiFerencc  between 
the  hoetest  and  coldest  months  increases  in  proportioa 
to  the  distance  from  the  equator.  Every  habitable  I^ 
tttude  enjoys  a  mean  heat  of  60^  for  at  least  iwo  months ; 
this  heat  sec  me  necessary  for  the  p*^odiictiou  of  com. 
Within  ten  degrees  of  the  poles^  the  temperatures  dif- 
fer very  Hille,  neither  do  they  differ  much  within  ten 
degreea  of  the  equator ;  the  temperatures  of  diflFerent 
years  differ  very  little  near  the  equator,  but  ihcy  differ 
more  and  more  as  the  latitudes  approach  the  poles. 

2.  That  the  temperature  of  the  atmoiphere  gradually 


imlw*' wTt^  diminiahcs,  according  lo  its  height  above  the  level  of  the 
the  height     sea,  is  well  known.    Thus  the  late  Dr  Uuttoii  of  £din* 

Hi  the  Mit* 

burgh  found  that  a  thermometer^  kept  on  the  top  of  Ar- 
thur's Scat,  usually  stood  three  drgrecs  lower  than  a  ther- 
mometer kept  alt  the  bottom  of  it.  Hence,  then,  a  height 
of  600  feet  occasioned  3°  of  diminution  of  temperature* 
On  the  summit  of  Pinchinca  the  thermometer  stood  at 
30^,  as  observed  by  Bouguer,  while  at  the  level  of  the 
tea  in  the  same  latitude  it  stood  at  84^,    Here  a  height 
of  15^504  feet  occasioned  a  diminution  of  temperature 
amounting  to  54^.     But  though  there  can  be  no  doubt 
of  the  gradual  diminiition  of  temperature^  according  to 
the  height^  it  is  by  no  means  easy  to  determine  the  rate 
of  diminution*     Eulet  supposes  it  to  be  in  a  Harmonic 
progression  i  but  this  opinion  is  contradicted  by  obier- 
vations.    Saussure  supposes,  that  in  temperate  climates 
the  diminution  of  temperature  amounts  to  1®  for  ^yctf 
267  feet  of  elevation.     But  Mr  Kirwan  has  shown  that 
00  such  rule  holds^  and  that  the  rate  of  diminution  ra* 
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TEMPERATURE. 

lib  the  tcroperaturc  at  the  surface  of  llie  eakh. 
We  are  indebted  to  this  philosopher  for  a  very  ingc* 
motis  method  of  determining  the  rate  of  diminution  lt% 
everj  particular  case^  supposing  the  temperature  at  this 
surface  of  the  earth  known  *. 

Since  the  temperature  of  the  atmosphere  is  constant- 
ly dintiinisbiDg  as  wc  ascend  above  the  level  of  the  sea» 
it  15  obviousy  that ^ at  a  certain  height  we  arrive  at  the 
region  of  perpetual  congelation.     This  region  varies  in 
height  according  to  the  latitude  of  the  places  it  is  high- 
est  M  the  equator^  and  descends  gradual!  j  nearer  the 
earth  as  we  approach  the  poles*     It  varies  also  accord- 
ing to  the  season,  being  highest  in  summer  and  low- 
est in  winter.     ^I.  Bouguer  found  the  cold  on  the  top 
of  Pinchinca,  one  of  the  Andes,  to  extend  from  seven 
to  tJine  degrees  below  the  freeiing  point  cvrrj  morn- 
ing immediately  before  sun-rise.    Heconcluded,  there- 
fore, that  the  mean  height  of  the  term  qf  congelatkn 
(the  place  where  it  freci.es  during  some  part  of  the 
day    all   the   year  round)    between   the   tropics    was 
15,577  feet  above  the  level  of  the  sea  j  but  in  lat.  28** 
he  placed  it  in   summer  at  the  height  of  1 3^440  feet. 
Now,  if  we  take  the  difference  between  the  temperature 
of  the  equator  and  the  frceling  point,  it  is  evident  that 
i|,  will  bear  the  same  proportion  to  the  term  of  congela- 
tion at  the  equator  that  the  difference  between  the  mean 
temperature  of  any  other  degree  of  latitude  and  the 
freezing  point  bears  to  the  term  of  congelation  in  that 
latitude.    Thus  the  mean  heat  of  the  equator  being  84^^ 
ube  difierence  between  it  and  3  2  is  52  i  the  mean  heat 
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^  Bopk  I     of  htimdc  28^  is  12" S^,  the  differeooe  betneea  whidi 
^      .  and  32. i*  40'3  i   Then  52  :  15577  :  :  40*5  :  12072. 

]iu  this  maoner.  Mr:  Kir  wan  calculated  the  foUowiog 
Table:.. 

MetftHeiektofthe* 
Term  of  CiMigcUUMh 
Lit.  Feit. 

0 1 15577 

5 15457 

i0.......«.......... ...150C7  , 

15 ....14498 

26.......;......;.......«.; 1371? 

'^\  25.^. ...;m*- 13030 

,  .     jQ^^;;^; ^.^ ,.11592 

35 ..; 10C64 

'  40.... ,. 9016 

45 7658 

50 6260 

55 ; 4912 

60 3684 

65 251,6 

70 1557 

75 ;....     748 

80 » 120 

Beyond  this  height^  which  has  been  called  the  lower' 
tenn  of  congelation^  and  which  must  vary  with  the  sea*- 
son  and  other  circumstances,  Mr  Bouguer  has  dis« 
tinguished  another,  which  he  called  the  up^  term  of- 
congelation  ;  that  is,  the  point  above  which  no  visible 
vapour  ascends.  Mr  Kirwan  considers  this  line  as  much- 
less  liable  to  vary  during  the  summer  months  than  the 
lower  term  of  congelation^  and  therefore  has  made 
choice  of  it  to  determine  the  rate  of  the  diminution  of 
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The  following  rule  of  Mr  Kirwtn  will  entbic  at  U 
aicertfttn  the  tempemture  at  anj  required  hcightf  pro« 
Tided  we  know  the  temperature  ^  at  the  lurface  of  the 
earth* 
How  ca)cii>  Let  the  otiserved  teoiperatdfe  at  the  surface  of  the 
earth  be  t=  m*  the  height  giTen  =^i,  and  the  bdgbt  of 
the  upper  term  of  congelation  for  the  given  latiltirde  be 
m — 32 


r#r  then 


=  the  dinninotion  of  lempermture 


.— 1 


100 

for  every  hundred  feet  of  elevaitton  ;  or  it  it  the  com* 
moil  difference  of  the  terms  of  the  progression  requi- 
li^«  Let  this  common  difference  thus  found  be  deno- 
ted hj  €  i  then  f  X gi?es  its  the  nrhde  diminutioci 

of  temperattfrt  frotn  the  surface  of  the  earth  to  the  gt* 
ven  height.  Let  this  diminution  be  denoted  by  d^  then 
m*^dx%  obviously  the  temperature  required.  An  ex- 
ample will  make  this  rule  sufHcicntlj  obvious.  In  la- 
titude 56^1  the  heat  below  being  54^,  required  the  tem- 
perature of  the  air  at  the  height  of  803  feet.' 

in  — 32         22 


Here  m=:54,  /rr  5S33, 


IQO 


—  I 


54-3S 


=  0-404 


^  c,  and  f  X  —  —  0-4^4  X  S03  —  3*24  =  <  and 
100 

^  if  =:i4'^  3*24  =  50'lS.      Here  ^e  see  that  the 

temperature  of  the  air  a03  feet  above  the  surface  of  the 

€arih  is  50-75*. 

From  this  method  of  estimating  the  dimintitioo  of 

temperature^  which  agrees  remarkably  well  with  obser. 

nation,  w#  see  that  the  heat  diminishes  in  an  arithme^ 

H^al  progression*    Heuot  it  follows,  that  the  heat  of 


k 


► 


at  a  distance  from  the  earth,  is  oot  owing  to  the    ^^P^JL 
^sceat  of  Uot  strata  of  air  from  the  surface  of  the  earthy 
but  to  the  conducting  power  of  the  air. 

S*  This  rulcj  however,  uppHes  only  to  the  tctnpcra-  ^Vpcr  re- 
hire of  the  :iir  during  the  summer  months  of  the  year,  warmett  in 
la  vrioti^  the  tipper  strata  of  the  atmosphere  are  often 
warqicT  than  the  lower*  Thus  on  the  31^1  of  January 
1T70,  the  {herraomelcr  on  the  summit  of  Arthur^sScat 
stood  siJC  degrees  higher  than  a  thermometer  at^Hawkhill, 
which  is  fi84  feet  lower  *.  Mr  Kirwan  considers  thissu- 
ptfiorhcait,  almost  uniformly  observed  during  winter,  as 
owing  to  a  current  of  warm  air  from  the  equator,  which 
foUs  towards  the  north  pole  during  our  w  inter +. 

4.  Such,  then,  in  general,  is  the  method  of  finding  the 
fnean  anmial  temperature  over  the  globe.  There  are, 
however,  several  exccptioos  to  these  general  rules, 
which  come  n6w  to  be  mentioned. 

That  part  of  the  Pacific  Ocean  wliich  lies  bet  wero   iNrtrth 
north  lat.  52*^  and  66*^  is  no  broader  at  its  northern  ex-   Occao. 
tremity   than  42  miles,  and  at  its  southern  extremity 
than  I $00  miles:   it  is  reasonable  to  suppose,  therefore, 
that  its  temperature  will  be  con>tiderabIy  influenced  by 
flie  surrounding  bnd,  which  consists  of  ranges  of  moun* 
tains  covered  a  great  pitrt  of  the  year  with  snow  ;  and 
tbare  are  besides  a  great  many  high,  and  eonsequently 
coW»  islands  scattered   through  it.      For  these  reasons  * 
Mr  Kirwan  concludes,  that  Its  temperature  is  at  leaU 
four  or  five  degrees  below  t!ie  standard.    But  we  arc  not 
jet  furnished  with  a  suffkieiit  number  of  observations 
to  determine  ihii  with  accuracy* 


«  R«y,  PliL  Tr«MJ777tF'  777- 
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.  ^^^^  ^' .       It  is  the  general  opinion  that  the  southern  hemisphere^ 

%.  Southern  beyond  the  40th  degree  of  latitude,  is  considerably  cdkU 

^^  er  that!  the  corresponding  parts  of  the  northern  bcmiiri 

sphere.    Mr  Kirwan  has  shown  that  this  holds  with  re* 

spect  to  the  summer  of  the  southern  hemisphere,  hot 

that  the  winter  in  the  same  latitudes  is  milder  than  in 

the  northern  hemisphere  ** 

JIlJl''*^  Small  seas  surrounded  with  land,  at  least  in  tefDpt* 

rate  and  cold  climates,  are  generally  warmer  in  summer 

and  colder  in  winter  than  the  standard  ocean,  because 

they  are  a  good  deal  influenced  by  the  temperature  of 

the  land.     The  Gulph  of  Bothnia,  for  instance,  is  for 

the  most  part  frozen  in  winter ;  but  in  summer  it  is 

sometimes  heated  to  70^  ;  a  degree  of  heat  never  to  be 

found  in  the  opposite  part  of  the  Atlantic  f .    The  Gcr. 

man  Sea  is  above  three  degrees  colder  in  winter,  so4 

five  degrees  warmer  in  summer  than  the  Atlantic {• 

The  Mediterranean  Sea  is,  for  the  greater  part  of  it^ 

extent,  warmer  both  in   summer  and  winter  than  th^B 

Atlantic,  which  therefore  flows  into  it.      The  Blacks 

Sea  is  colder  than  the  Mediterranean,  and  flows  inti 

it  J. 

4.  North  The  eastern  parts  of  North  America  are  much  cdde 

Amer&cju 

than  the  opposite  coast  of  Europe,!  and  fal]  short  of  it 

standard  hy  zhoMX  10^  or  12^,  as  appears  from  Ame- 
rican Meteorological  Tables  |[.     The  causes  of  tttia  le^- 


♦  Iris  b  Tran  r .  v  lii.  4 1 7 .  f  Mim,  Sf:h  T  776b 

t  Kirwan's  Temperuture  of  Lat»  p.  53.  f  Ibid, 

i(  For  the  following  statement  of  the  extremeti  of  heat  and  cold 
Montreal  and  Three  Riven  in  Canada,  I  am  indebted  to  1 
officer,  who  kept  a  regiiter  for  eight  year*,  from  the  year  1776  to  17I 
inrluiivc. 


tEWP£R4TU]|E. 


CX 


jAlMc  diiFcrence  are  maoj.  The  highesl  part  of 
forlb  America  lies  between  the  40th  and  50th  degree 
of  nonb  laiiiiuU*»  and  the  lOOth  and  110th  degree  of 
llMQigiliiHc  west  fxotn  Londoa  ^  Ibr  there  the  greatest  li- 
Vtra  or^iiittf .  The  very  height^  therefore,  makes  this 
1^1  coldcf  tbiui  it  otherwise  would  be.  It  h  covered 
viih  iibCDenM  forests,  and  abounds  with  large  swamj^f 
tod  CDOra!i4eS|  which  render  it  incapabJc  af  receiving 
any  great  degree  of  heat  ^  so  that  the  rigour  of  wintec 
bnluch  ie&&  tempered  by  the  heat  of  the  earth  than  ia 
the  old  cominenT*  To  the  east  lie  a  number  of  verj 
large  lakes i  aod  failhtr  norths  Hudson^s  Bay ;  about 
J^  miles  on  the  south  of  which  there  is  a  range  of 

»tintain$,  which  prevent  its  receiving  any  heat  frooi 

(bat  quarter.     Thi£>  bay  is  bquoded  oa  ihe  east  by  the 

mountainous  country  of  Labrador  and  by  a  nuiober  of 

islands.     Hence  the  coldness  of  the  north-west  winds 

aiad  the  lowness  of  the  temperature*     But  at  the  cuhi- 

T^ted  parts  of  North  America  are  now  much  warmer 

ttiao  formerly,  there  is  reason  to  expect  tllat  the  climate 

^xiU  became  still  milder  when  the  country  is  better  clcar* 


— ^ 


I 


1«  the  wsimcit  cammef  ihe  rbermnmeter  wm  not  obMrvvd  ro  liie 
:r  than  94^,  though  it  Kj»  b€*n  *4til  to  hive  ri*en  tr>  hlgti  at  96®  4nd 
i«fii  ^«  at  Qucbvc;  bu'  whcrr  thiic  obKnrathiu  wcrr  mdJe«  tht  thcr- 
o*natiuiu'  WW  fOMTalty  from  80^  u*  $4*^  lu  the  w^rmeit  «Diniiiert»  aod 
tite  avo'j^  of  tlic  ordirarv  sommcrt  wn  abouf  7*^. 

*•  lii  the  levcrc  froats  the  thcifnonrcicr  -unk  t-^  45®  bdoWO.  Thi*  tia^ 
|^nti:J  three  timet  within  thi^  peitoJ,  tji»  oq  the  Sjd  lod  ijth  FebrtiAry 
ijti,  tiid  an  tht  r-ih  F  hriury  1784. 

^  Xj3  the  oriliucy  wi titer*,  li  Thrt«  Rtven*  the  niercurf  tttiod  at  from 

ts^  to  as**  bcb«r  Q,*nd  in  the  wfetc  winiTiffcm  15^  to  35^  bdow  o. 

"    Tha  tttDinKT  iJa^crvAticn*  i*eret»kcn  at  abnut  nine  o'clock  in  the 

ateiriiti^  AAd  thrrf  iu  the  tftcriV)OSi.    The  winter  before  Ban^cLiCjUid  »- 

Be,  md  •ometimei  ftu  o*dock  at  oijht/' 
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ed  of  woods,  though  perhaps  it  will  never  eqaal  the  CeiB-« 
peratttre  of  the  old  continent. 

Islands  are  warmer  thaa  continents  in  the  tame  de« 
gree  of  latitude ;  and  countries  lying  to  the  windward 
of  extensive  mountains  or  forests  are  warmer  than  those 
lying  to  the  leeward.     Stones  or  sand  have  a  less  capt- 
city  for  heat  than  earth  has,  which  is  always  somewhat 
moist ;  they  heat  or  cool,  therefore,  more  rapidly^  and  ' 
to  a  greater  degree.     Hence  the  violent  heat  of  Arabia 
and  Africa,  and  the  intense  cold  of  Terra  del  Fuego. 
Living  vegetables  alter  their  temperature  very  slowly, 
but  their  evaporation  is  great ;  and  if  they  be  tall  and 
close,  as  rn  forests,  they  exclude  the  sun's  rays  from  the 
earth,  and  shelter  the  winter  snow  from  the  wind  soil 
the  sun.     Woody  countries,  therefore,  are  much  coldes 
than  those  which  are  cultivated. 


SECT.  III. 


ON  EVAPORATION  AND  RAIN. 


vl^w.  ^^     ^^  ^^^^^  "**°^  formerly  to  conclude,  that  the  wa- 
ter of  the  atmosphere  exists  in  the  state  of  vapour.  We 
are  indebted  to  the  experiments  of  Saussnre  and  Dtluc 
for  much  of  our  knowledge  of  the  qualities  of  vapour. 
It  is  an  elastic  invisiblfc  fluid  like  common  air,  but 
lighter  ;  being  to  common  air  of  the  same  elasticity,  ac* 
cording  to  Saussure,  as  10  to  14,  or,  according  to  ^« 
wan,  as  10   to  12.     It  cannot  pass  beyond  a  certm 
maximum  of  density,  without  a  corresponding 


f  temperature,  otherwise  ihe  particles  of  water  which  ,<^P* 
oiiipose  it  unite  together,  and  form  so\aU,  visible 
rricUs^  called  veskular  vapour  ;  which  ia  of  the 
specific  gravity  with  atmospherical  air.  It  is  oftlits 
tapour  that  cloads  and  fogs  arc  composed*  This  maxi*. 
E&um  increasea  with  the  temperattire  i  and  at  the  heat 
Df  boiling  water  is  so  gfcat,  that  steam  can  resist  the 
whole  pressure  of  the  air,  and  cKist  in  the  atmosphere 
in  any  quantity. 

Wc  have  seen  fofroerlr,  that  when  water  is  heated  to 
SI  2®,  it  boils,  and  is  rapidly  converted  into  steam  ;  and 
that  the  same  change  takes  place  in  much  lower  tempera- 
tores  ;  but  in  that  case  the  evaporation  is  slower,  and  the 
llaiticity  of  the  steaoi  is  smaller.  As  a  very  considcrahle 
^oportion  of  the  earth's  surface  is  covered  uith  water^ 
lod  a»  this  water  is  constantly  evaporating  and  mixing 
pritb  the  atmosphere  in  the  state  of  vapour,  a  precise 
Ictertmnation  of  the  rate  of  evaporation  must  be  of  vtxj 
Wreat  importance  ia  meteorology.  Accordingly  many 
experiments  have  been  made  to  deiermirte  the  point  hj 
diSerent  philosophers.  No  person  has  succeeded  so 
completely  as  Mr  Dalton  :  But  many  curious  parti cu- 
Jars  had  been  previously  ascertained  by  the  labours  of 
Richman,  Lambert,  Wallerius,  Leiden trost,  Watson, 
Saussore^  Deluc,  Kirwan,  and  others, 

I,  The  evaporation  is  confined  entirdy  to  the  surface 
jo(  the  water  :  hence  it  is  in  all  cases  proponionaj  to  the  tion^con* 
surface  of  the  water  exposed  to  the  atmosphere, 
^oro  vapour  of  course  rises  in  maritime  countries,  nr 
tbtue  interspersed  with  lakes,  than  in  inland  countrips. 
r  s.  Much  more  vapour  rises  during  hot  weather  than 
luring  cold  weather*  Hence  the  quantify  evaporated  de- 

tie  mt^'^'-  •    -  *^raperattirc.     The  precise 


FvapAn- 


mr      L    fi"<^<l  '*>  <fha 
Much    ,,,f^e.. 
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BookL      Uwhgs  been  happily  discovered  by  Mr  Dakon,  Thtsphi- 
Eirapora-      losopher  took  a  cylindrical  vessel  of  tin,  whoM  diameter 
&h7^c  ^«  H  inches,  and  its  depth  2i  inches ;  filled  it  with 
tempera-       water,  and  kept  it  just  boiling  for  some  tikne.     The 
loss  of  weight  in  the  minute  was  30  grains,  when  the 
experiment  was  niade  in  a  close  room  witjiout  aoj 
draught  of  air  ;   35  grains  when  the  vessel  was  placed 
over  fire  in  the  usual  fire-place,  there  being  a  moderate 
draught  of  air  and  the  room  close  ;  4Q  with  a  brisker 
fire  and  a  stronger  draught ;  and  when  the  draught  ^u 
very  strong,  he  supposes  the  evaporation  miglrt  amount 
to  60  ^Tiiins  in  the  .  inutc.  Atthe  temperature  of  180', 
the  quantity  evaporated  was  ^  of  what  was  lost  at  218^* 
At  164  ?t  was  ^  of  that  at  212^ 

152  i 

144  ^ 

138   i 

And  in  general  the  quantity  evaporated  from  a  given 
surface  of  water  per  minute  at  any  temperature,  is  U^ 
the  quantity  cvapordted  from  the  same  surface  at  QiQ^^  ^ 
as  ti:e  force  of  vapour  at  the  first  temperature  is  tolhe^^^ 
force  of  vapour  at  212^.     Hence,  in  order  to  disoovcr"^^ 
the  quantity  which  will  be  lost  by  evaporation  frnm^f^ 
water  of  a  given  temperature,  wc  have  only  to  asoer-— — ^ 
tain  the  force  of  vapour  at  that  temperature.     This  ii^^^ 
donein  the  Table  given  in  Vol.  I.  p.  637.of  thisWorka^i^-*  * 
Hence  we  see  that  the  presence  of  atmospheric  «ir  < 
structs  the  evaporation  of  water  ;  but  this  resistance  ia 
overcome  in  proportion  to  the  force  of  the  vapour. 
•  3.  The  quantity  of  va|)our  which  rises  from  waterp 

even  when  the  tempeiature  is  the  same,  variea  1 
ing  to  circumstances.     It  is  least  of  all  in  calm 
ther,  greater  when  a  breeze  blows,  and  greatest  i 
with  a  strong  wind.     The  followIngTable,  drawn  on 


i 


^H^^C 

r 

^ 

- 

ErArOKATtOKt 

r  of  vapour  raised 

d-ap.  IT     ^^M 

iltdE] 

,  shows  the  quRtttit; 

m\wr  surface  of  fix  inches  in  diameter  in  aU 

T4b»C  of          ^^M 

f  temperatures^     Tii£  iirst  column  expresses 

the  qutflti-  ^M 
ty  raited       ^^^^H 

Ramrc ;  ihc  second^  the  corresponding  fofX» 

from  m           ^^^H 

1   the  other  three   columns  give  the  number 

given  fur>  ^^^^| 
face  at  dif'            ^H 

»f  water  that  vvoujd  be  evaporated  from  a  sur- 

fcrent  tcm-  ^^^B 
periturc^     ^^^H 

inches  in  diameter  in  the  respective  tempe- 

^^H 

^  the  supposition  of  there  being  previouUy  no 

^^1 

luDDtir  in  the  atmosphere.     These  columns 

^^1 

BKxreroes  and  the  mean  of  evaporation  like* 

^^1 

Etioed»  or  nearly  such ;  for  the  first  ift  calcu- 

^^1 

llthe  suppositton  of  ^5  grains  loss ^^  minute 

^H 

j^ssel  of  3i  inches  in  diameter  ;  the  second 

^^M 

le  third  55  grains /^rr  minute*. 

fl 

. 

Force  of  V«p. 

turc 

in  [TKh. 

Evaporating  Force  in  Graiu*. 
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i'orte  oT  Vijv 

1 

■ *t 

Temperature. 

in  Inch. 

ETtporating  Force  in  Onin*.  \ 

1 

30 

120 

»54 

X89    ^ 

39" 

•354 

1 

I'02 

1-31 

.•60     ^ 

40 

•363 

1-05 

1-35 

165 

41 

•173 
•283 

1-09 

r"40 

''7i 

4a 

1*13 

1-45 

i'78 
i4s 

43 

•294 

1*18 

»-5i 

44 

•305 

1-22 

»-57 

1-92 

45 

•316    • 

1*26 

1-62 

199 

46 

•3*7 

1-31 

1-68 

2-00 

47 

•339 

1    I  36 

1-75 

213 

48 

•35» 

'   1-40 

I -So 

2-20 

49 

•363 

;  1-45 

1-86 

2-28 

50 

•375 
•388 

;  1-50 

192 

2-36 

51 

1  ^55 

1-99 

2-44. 

52 

•401 

1  I -60 

2-o6 

2-51 

53 

•415 

'  1-66 

2-13 

261 

54 

•429 

1-71 

2-20 

2'8ft. 

55 

••143 

1-77 

2-28 

56 

•458 

;  1-83 

*-35 

57 

•474 

i'90 

2-43 

r9B- 

58 

•490 

1-^6 

2-52 

3-0*- 

59 

•507 

j  2-03 

261 

3'i<^ 

60 

•5'4 

2'10 

2*70 

3'3<=^ 

61 

•542 

2-17 

2-79 

3'4= 

62 

•^60 

2*24 

2-88 

3*5^*^ 

63 

•578 

2-3t 

a.97 

3-6,=J 

6i 

■597 

2'39 

3-07 

3-7<=> 

65 

•616 

2-46 

3-x6 

3-8=3 

66 

•635 

2-54 

3-27 

3*9< > 

67 

•655 

2-62 

3-37 

4-r 1 

68 

•676 

2-70 

3*47 

4-a'=4 

69 

•698 

^'2§ 

3*59 

4-3fc=i 

70 

•721 

2-88 

370 
3-83 

45^^ 

7^ 

•745 

2-98 

^'i^^  i 

7^ 

•770 

3c8 

396 

4-8=» 

73 

•796 

3-»8 

4-09 

j.o<=  /. 

74 

•823 

329 

4-23 

_dsU 
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■ 

Forc«  Gf  Vap. 

^peritan. 

10  Icch . 

Einporet' 

r*g  Force  in  Gr«in*. 

W"' 

30 

DO 

«S4 

189 

75 

•851 

3'40 

4-37 

5*34 

§?6 

•880 

3-5  » 

45a 

i-53 

mn 

•910 

3-6; 

4-68 

57* 

m^9 

•940 

3-88 

4-83 

y9» 

"29 

•971 

4-99 

OIO 

80 

I-OO 

4"oo 

5'M 

6  39 

St 

1-04          , 

4't6 

535 

654 

8» 

1-07 

4-18 

ys° 

673 

83 

I'lO 

4-40 

j-66 

6-91 

84 

I'M 

4.56 

586 

717 

8S 

I-I7 

4-68 

6-07 

7-46 

.  Such  is  the  qtiantlt)^  of  vapour  which  would  rise  £^*j*^*^^J*I 
different  circumstances^  on  the  supposition  that  no  rMctSt^r^ 
hr  previously  existed  in  the  atmosphere.  But  this  P"^*^^*^* 
%ippo&itton  i^hich  can  never  be  admitted,  as  the  ati. 
llcTc  is  in  no  case  totally  free  from  vapour,  Wc 
already  in  what  manner  the  force  of  the 
'  existing  in  the  atmosphere  may  be  detected  by 
of  Mr  Dalton's  very  simple  apparattu.  Now 
wit  wish  10  ascertain  the  rate  at  which  evapora- 
i"  is  going  on,  wo  have  only  to  find  the  force  of  the 
our  already  in  the  atmoephcre,  and  subtract  it  from 
force  of  vapour  at  the  given  temperature.  The  re- 
indcr  gives  us  the  actual  force  of  evaporation  ;  from 
ich,  by  the  Table,  we  readily  find  the  fate  of  cvapo. 
on.  Thus  suppose  we  wish  to  kno%v  the  rate  of  eva- 
Rtiort  at  the  temperature  50*^.  From  the  table  we 
thai  the  force  of  vapour  at  50**  is  0*5,  or  yV*^  *ta 
re  at  212'".  Suppose  we  find  by  trials  that  the  force 
^vapour  already  existing  in  the  atmosphere  is  0*25, 
ihalf  of  jc^*  To  ascertain  the  rate  of  evaporation. 
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pcokl,  we  must  subtract  the  0*25  from  0*5;  the  remainder 
0*25  gives  us  the  force  of  evaporation  required  ;  which 
is  precisely  one  half  of  vhat  it  would  be  if  no  vaposr 
had  previously  existed  in  the  atmosphere. 

Byihe  Table  wesee,  that  on  that  supposition  asurface 
of  six  inches  diameter  would  lose  one  grain  by  evapo- 
ration per  minute,  instead  of  two  grains,  which  would 
have  been  converted  into  vapour  if  no  vapour  had  pre- 
viously existed  in  the  atmosphere.  If  the  force  of  the 
vapour  in  the  atmosphere  had  amounted  to  0*5^  which 
is  equal  to  the  force  of  vapour  at  the  temperature  of 
59^9  in  that  case  no  vapour  whatever  would  rite  from 
the  water:  and  if  the  force  of  the  vapour  already  in 
the  atmosphere  exceeded  0'5f  instead  of  evaporatsoo, 
moisture  would  be  deposited  on  the  surface  of  the  wa- 
ter. 

Tlese  general  observations,  fpr  all  of  which  w«  are 
indebted  to  Mr  Dalton,  accmmt  in  a  satisfactory  man* 
oer  for  most  of  the  anomalies  which  had  puzaled  pre- 
ceding philosophers ;  and  include  under  them  the  leas 
general  laws  which  they  had  discovered.  We  omst 
consider  the  discoveries  of  Mr  Dalton  as  the  most  im- 
portant additions  made  to  the  science  of  meteorology 
finr  these  many  years. 

5.  As  the  force  of  the  vapour  actually  in  the  atmo- 
sphere is  seldom  equal  to  the  force  of  vapour  of  the 
temperature  of  the  atmosphere,  evaporation,  with  a  Sew 
exceptions,  may  be  considered  as  constantly  going  ed» 
Qoaotity  Various  attempts  have  been  made  to  ascertaia  the 

frtMn**^*^^    quantity  evaporated  in  the  course  of  a  year ;  but  the 
water;         difficulty  of  the  problem  is  so  great,  that  we  can  ex- 
pect only  an  approximation  towards  a  solution.     From 
the  experiments  of  Dr  Dobson  of  Liverpool,  in  the 


I 
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fetn  1172,  1773.  I77i»  and  J77&t  *»  appears  t!ia|  the     CTitp.  it. 
inraa  tniiual  evaporattuQ  from  (he  surface  Qt  water  a* 
mcm&lcd  to  36*7S  inches  *•     Tbe  pigporiion  ior  every 
mouth  WAS  ihe  follotviisg  : 

January  •♦*•..  I'SCi  Julj .5*  i  i 

fcbmary  •,,.T77  August  ......5*0J 

March 2*64  S^fpiemtjer  • .  ,,s  18 

April  .,,,., •.3'30  October  ^•....2*^1 

Mm/ 4"34  November*.,  1'51 

Jttoe 4'41  December  •  ...1-49 

Mr  Didton  foUf»d  ibe  cfvaporation  it om  the  surface  of 
water,  in  one  of  the  dxicst  ai>d  hottest  days  of  summer^ 
rather  more  than  0-2  of  an  inch. 

If  we  believe  Mr  Williatns^  the  eraporatioa  from  the  Fromliii^:. 
sarface  of  laud  covered  with  tiees  aud  other  vegetables 
is  one  third  greater  than  Ironi  the  surface  of  watery 
fatit  this  has  not  been  confirmed  by  other  philosophers. 
From  his  eKperimem&  f  U  appear»^  that  in  Bradford  in 
New  England  the  evaporation  during  1772  amounted 
to  42*05  inchts.  But  Uom  the  way  that  his  eipeii* 
iBcnU  were  conducted*  the  amount  was  probably  too 
great. 

From  an  experiment  of  Dr  Watson,  made  on  the  2d 
of  June  1119,  after  a  month's  drought,  it  appears  that 
the  evapgrauoOt  from  a  square  inch  of  a  grass  plot,  a- 
iBOunted  to  1*2  grains  in  an  hour,  or  23*8  grains  in 
$4  kiours*  which  is  o  001  of  an  inch.  In  another  expe. 
funeoi  after  there  bad  been  no  rain  for  a  week,  the  * 
heal  of  tlte  earth  being  110^,  the  evaporation  was  found 
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^  Book  I.  almost  twice  as  great,  or  =  0*108  of  an  inch  in  tht 
day  *.  The  mean  of  these  two  experiments  is  0*084 
inches,  amoupting  for  the  whole  month  of  Jane  to  2*62 
inches.  If  we  suppose  this  to  bear  the  same  propor- 
tion to  the  whole  year  that  the  evaporation  in  Dr  Dob- 
son's  experiments  for  |June  do  to  the  ailnaal  evapora-* 
tion,  we  shall  obtain  an  annual  evaporation  amounting 
to  about  22  inches.  Thisjs  much  smaller  than  that 
obtained  by  Mr  Williams.  But  Dr  Watson's  method 
was  not  susceptible  of  precision.  He  collected  the  va- 
pour raised  on  the  inside  of  a  drinking^glass ;  but  it 
was  impossible  that  the  glass  could  condense  much 
more  than  one  half  of  what  did  rise,  or  would  have  been 
raised,  in  other  circumstances.  But  to  counterbalance 
this,  the  experiments  were  made  in  the  hottest  part  of 
the  day,  when  much  more  vapour  is  raised  than  during 
any  other  part  of  it. 
Bxpcri-  The  most  exact  set  of  experiments  on  the  cvapora- 

|>ilt<m.  tion  from  earth  was  made  by  Mr  Dalton  and  Mr  Hoylc 
during  1796  and  the  two  succeeding  years.  The  me- 
thod which  they  adopted  was  this.  Having  got  a  cylin- 
drical vessel  of  tinned  iron,  10  inches  in  diameter 
and  three  feet  deep,  there  were  inserted  into  it  two  pipes 
turned  downwards  for  the  water  to  run  off  into  bottles  ; 
The  one  pipe  was  near  the  bottom  of  the  vessel ;  the 
other  was  an  inch  from  the  top.  The  vessel  was  filled 
up  for  a  few  inches  with  gravel  and  sand,  and  all  the 
rest  with  good  fresh  soil.  It  was  then  put  into  a  hole 
in  the  ground,  and  the  space  around  filled  up  with  earth 
except  on  one  side,  for  the  convenience  of  patting  bot» 


•  Watson's.  C/r«;iif/  JT.'/ajr/,  iii*54. 


EVArORATION. 

tics  to  the  two  pipes  5  then  some  water  was  poured  on     CKap>  g* 
to  sadden  the  earthy  and  as  much  of  it  as  would  was 
suffered  to  run  through  without  noticCp  bj  which  the 
earth  might  be  considered  as  saturated  with  water*     For 
some  weeks  the  soil  was  kept  above  the  level  of  the  up- 
per pipe,  but  latterly  it  was  constantly  a  little  below  it» 
^ivhich  precluded  any  water  running  off  through  it.    For 
the  iirst  jear  the  soil  at  top  was  bare  ;  but  for  the  two 
last  years  it  wa:»  covered  with  grass  the  same  as  any 
green  field.     Things  being  thus  circumstanced,  a  regu- 
lar register  was  kept  of  the  quantity  of  rain-water  that 
ran  off  from  the  surface  of  the  earth  through  the  upper 
pipe  (whilst  that  took  place),  and  also  of  the  quantity 
of  that  which  sunk  down  through  the  three  feci  of  earth, 
and  ran  out  tlirough  the  lower  pipe.     A  rain-gauge  of 
tlie  same  diameter  was  kept  close  by  to  find  the  quan** 
tity  of  rain  for  any  corresponding  lime.     The  weight 
of  the  water  which  ran  through  the  pipes  being  sub 
liacted  from  the  water  in  the  rain-gauge,  the  remainder 
was  considered  as  the  weignt  of  the  water  evaporated 
from  the  earth  in  the  vessel.      The  following  Table 
eihibits  the  mean  antiual  result  of  the«e  experiments  *^ 
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U^T  through  th«  (wo  Piptti 


Inch  Inch^ 

1796.  I79T- 

Jan l-a07—     •680-^ 

Feb i-ns—     -Pis- 
March '431—     •070— 

April '220 —     •2P5— 

May ;;2"02T—  2'449+ 

June 'ni —     •72<l 

July *^5^r^    '025 

August — -       * 

Sept '070 

Octotcr -*-^  ?680 

Nov ^i.       ■>        1*044' 

Dec -200         3-077 


Inch. 
I7'^8. 
1-774+ 
1:122 

•335 

'180 

*010 


•504 


1'5P4 
1-873+ 


©•877 —  10'Q34 —     T379 
Rain... ^0-629—  S8'79l—  31^25tt 


Evapor,.  23*725-^  27*857 —  23 


862 


Mem 
Inch 
1-450+ 
1*273 

•279 

•232 
1-493+ 

•200 

'O59 

•1<>8 

•325 

•227 

•87» 
1-718+ 


■VIeui 

Rain 
Inch. 
2-458 
1-801 
•902 
1-717 
4-177 
i?-483 
4-i54 
3-J54 
3-279 
2*899 
2-934 
3-202 


8*402 


33*S«o 


Evap. 

Inch 
1-008 1 

•528  j 

I -48  J 
2-084 

2-184 
4-095 

3-386 
2-9J4 

£•072 

»*055 
141 


•.'5-1581 


From  these  etperimenu  it  appears,  that  the  quantity 
of  vapour  raised  annually  at  Manchester  is  about  25 
incfics :  if  to  this  we  add  5  inches  for  the  dew,  with 
Mr  Dalton^  it  will  make  the  annual  evaporation  30 
inches.  Now  if  we  consider  the  situation  of  England, 
and  the  greater  quantity  of  vapour  raised  from  water, 
it  will  not  surely  be  considered  as  too  great  an  allow, 
ance  if  wc  estimate  the  mean  annual  evaporation  over 
the  whole  surface  of  the  globe  at  33  inches.  Now  35 
inches  from  every  square  inch  oh  the  superficies  of  the 
globe  make  04,450  cubic  miles,  equal  to  the  Water  an* 
nually  evaporated  over  the  whole  globe. 

Were  this  prodigious  mass  of  water  all  to  subsist  in 
the  atmosphere  at  once,  it  would  increase  its  mass  by 
about  a  twelfth,  and  raise  the  barometer  neaily  three 
inches.     But  this  never  happens  ;  no  day  passes  with* 
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imf  Tfttn  m  some  part  of  the  eartli  ;  so  tbftt  i 
irvAporated  water  is  constantly  precipitated  ag^iiu  In- 
,4cigd  it  would  be  impossible  for  tb#  whole  of  the  eva<- 
^Kated  water  to  sub^it^t  in  the  atmospbere  at  once^  at 
^Kl  tn  the  ttate  uf  vapour. 

^^fhc  higher  regions  of  the  atmosphere  contain  less 
^▼mpour  thaa  the  strata  near  the  surface  of  the  earth, 

Ks  w$s  observed  both  bj  Saussttre  and  Deluc,  who 
ktiocis  several  striking  proofs  of  tl. 
At  some  height  above  the   tops  of  iDouutains  the  at» 
mo^phere  is  probablj  still  drier ;  for  it  was  observed 
both  bj  Saussurc  and  Delitc.  that  oo  the  tops  of  moun- 
J^ps  the  moisture  of  tlie  air  was  rather  Jess  during  the 
^fthl  than  the  day.     And  there  can  be  little  doubt  that 
^Krj  stratum  of  a!r  descends  a  little  lower  during  the 
nBgbl  than  it  was  during  the  day*  owing  to  the  cooling 
and  condensing  of  the  stratum  nearest  the  earth*     Va- 
|K»urv  however,   must  ascend  very  high,  for  we  sec 
clouds  forming  far  above  the  tops  of  the  highest  mouii* 
caini, 

SRala  never  begins  to  fall  while  the  air  is  traospa* 
IIL  •  the  invisible  vapours  first  pass  their  maximum, 
3  are  changed  into  vehicular  vapours ;  clouds  are 
Eormed,  and  these  clouds  gradually  dissolved  in  ratu. 
Cloi^s»  however,  are  not  formed  in  all  parts  of  the  ho- 
euoa  at  once ;  the  formation  begins  in  one  particular 
■■pt,  while  the  rest  of  the  air  remains  clear  as  before 
||Bs  cloud  rapidly  increases  till  it  overspreads  the  whole 
llotizoo,  and  then  the  raio  begins. 

It  if  remarkable,  that  chough  the  greatest  quantity 

<ti  vapours  exist  in  the  lower  strata  of  the  atmosphere, 

clouds  never  begin  to  form  there,  but  always  at  some 

CQQiiderable  heighu    II  is  f  tmarkable,  t00|  that  the  part 
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of  doudi. 
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,  ^^  ^' ,  of  the  atmospliere  tt  which  they  foraiy  has  not  arri^e^, 
mt  the  point  of  extreme  moisture,  nor  near  that  pointy 
even  a  moment  before  their  formation.  They  are  not 
formed,  then,  because  a  greater  quantify  of  vapour  had 
got  into  the  atmosphere  than  could  remain  there  with- 
out passing  its  matimum.  It  is  still  more  remarkable, 
that  when  clouds  are  formed,  the  temperature  of  the 
spot  in  which  they  are  formed  is  not  always  lowered, 
though  this  may  sometimes  be  t(Uf  case.  On  the  con* 
trary,  the  heat  of  the  cloiids  themselves  is  sometimes 
greater  than  that  of  the  surrounding  air  *.  Neither, 
then,  is  the  formation  of  clouds  owing  to  the  capacity 
of  air  for  combining  with  moisture  being  lessened  by 
cold  ;  so  far  from  that,  we  often  see  clouds,  which  had 
remained  in  the  atmosphere  during  the  heat  of  the  day, 
disappear  in  the  nighty  after  the  heat  of  the  air  was  di- 
minished. 
And  rain  The  formation  of  clouds  and  rain,  then,  cannot  be 

bunted      accounted  for  by  the  principles  with  which  we  are  ac- 
toe.  quaintcd.     It  is  neither  owing  to  the  saturation  of  thd 

atmosphere,  not  the  diminution  of  heat,  nor  the  mix- 
ture of  airs  of  different  temperatures,  as  Dr  Hutton 
supposed  ;  for  clouds  are  often  formed  without  ant 
wind  at  all  either  above  or  below  them ;  and  even  i^^ 
this  mixture  constantly  took  place,  the  precipitation^ 
instead  of  acfconniing  for  rain,  would  be  almost  imper  — ^ 
deptible. 

It  is  a  very  remarkable  fact,  that  evaporation  oft^^g 
goes  on  for  a  month  together  in  hot  weather  with^^g. 
any  rain.     This  sometimes  happens  in  this  country  ^      y* 
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hiipp4His  every  year  in  the  torrid  zone.  Thtis  at  Cal- 
catta,  during  January  1795,  il  never  raioed  at  all*: 
ilic  mean  of  the  thermometer  tor  ibe  whole  month  was 
60i  degrees  ;  there  was  nb  high  wind|  and  indeed  du- 
ring great  part  of  the  month  link  wind  at  alK 

Xbe   quantity  of  water   evaporated  during   such   a 
droagbt  mus4  be  very  great ;  yet  the  moisture  of  the 
atr»  instead  of  being  increased,  is  constantly  diminislu 
ingp  and  at  last  disappears  almost  entirely  ;  for  the 
dcWf  which  is  at  first  copious,  diaunishes  every  night : 
md  if  Dr  Watson*s  experiment  formerly  mentioned  be 
fttendcd  to,  it  will  not  be  objected  that  the  quantity  of 
evaporation  is  also  very  much  diminished*    Of  the  very 
dry  state  to  which  the  atmosphere  is  reduced  during 
long  droughtS|  the  violent  thunder-storms  with  which 
they  often  conclude  is  a  proof,  and  a  very  decisive  one. 
Now  what  becomes  of  alt  this  moisture  ?   It  is  not  ac« 
cumulated  in  the  atmosphere  above  the  country  from 
which  il  was  evaporated,  otherwise  the  whole  atmo- 
sphere would  in  a  much  less  period  than  a  month  be 
perfectly  saturated  with  moisture.     If  it  be  carried  up 
t^aiJy  through  the  di^ercrit  strata  of  the  atmosphere^  and 
afted  to  other  regions  by  superior  currents  of  air,  how 
It  possible  to  account  for  the  different  electrical  state 
f  the   clouds  situated   between   different  strata,  which 
ffen  produces  the  most  violent  thunder-storms  ^  Are 
ot  vapours  conductors  of  the  electric  fluid  ?  and  would 
■^cy   not  have  daily  restored   the  equilibrium  of  the 
hole  atmosphere  through   which   ihey  passed  ?  Had 
^liey  traversed  the  atmosphere  in  this  manner^  ther« 
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Bookf.      would  have  been  no  negative  and  positive  c 

consequtml^  no  thunder- storms.  Thejr  could  oolblfs 
rematoed  in  the  lower  strata  of  the  atmosphere,  and 
been  daily  carried  aff  by  winds  to  other  couiilriea  |  £of 
there  are  often  no  winds  at  all  during  several  d^jrs  t9 
perform  thh  office  ^  nor  in  that  case  would  the  dcwt 
dinuAishf  nor  could  their  presence  fail  to  be  indicitel 
by  the  hygrometer* 

It  is  impossible  for  us  to  account  for  this  remarkable 
fact  upon  any  principle  with  whigb  we  arc  acquainted* 
The  water  can  neitlier  remain  in  the  atmosphere,  nor 
past  through  it  ia  the  state  of  vapour.  It  muu  there- 
fore  assume  some  other  form ;  but  wliat  tJiat  form  is*  of 
how  it  assumes  it,  we  know  not. 

There  are,  then^  two  steps  of  the  process  between  eva- 
poration and  rain*  of  which  at  prtsent  we  are  complete- 
ly ignorant  :  l.  What  becomes  of  the  vapour  after  it 
enters  into  the  atmosphere,  z*  What  makes  it  lay  i* 
aide  the  new  form  which  it  must  have  assumed,  and  re- 
turn agaih  to  its  siato  of  vapour,,  and  fall  down  in  raio* 
And  till  these  two  steps  be  discovcixd  by  expcrimcnti 
and  observations,  it  wit!  be  impossible  for  us  to  give  a 
rational  or  a  useful  tlieory  of  rain. 

Dr  Praii;Df  Exeier  has  endeavoured  to  prove,  in  t 
very  iugenious  treatiiie,  that  water  is  decomposed  du- 
ring Its  evaporation,. and  converted  into  oxygen  and  hy- 
drogen gas  i  but  the  abst^ncc  of  any  perceptible  quanti- 
ty  of  this  last  gas  in  the  atmosphere,  even  when  rain  is 
actually  forming,  cannot  be  accounted  for,  unlesa  we 
suppose  that  the  products  of  the  decompositioa  are  dif- 
ferent, Gifianncr's  theory,  that  azote  is  composed  of 
hydrogen  and  orygen,  would  remove  every  difKcuIiy  ; 
but  unfortunate]/  that  tlieory  is  not  only  destitute  oi 
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iDiUuites  againtt  the  knowo  propcriies  of     ciwp.  ih 
j^fote^  and  hjdrogcJi*     Wc  must  Lhcrcforc  be 
\  ip  drawing  zny  conclusioa  till  future  discover 
hiVe  nuDovcd  the  obicuritj  jn  yrhich  tbe  pheoo* 
of  raia  are  at  presexu  tnVoIv^ed* 

ie  mean  anoual  quantity  of  rain  is  greatest  at  tbc   QuKmiey 
l«a,  and  decreases  gradually  as  we  approadi  tb^ 
»    Tbut  at 

Granada,  At^tiUcs^  12^  N.  lat.  il  is  126  li^cbet 
Cape  Francois,  St 

Doiziingo.,,,19^  46' 120 

Calcutta 22     £3..,..»   ^I 

Rosue 41     54 39 

England. •••«*. .33     00 32 

[Petcr^burgh 5P     16 10 

cootratjy  tbe  uumbcr  of  raijiy  days  ia  smfiUcst 
i  equator^  and  increases  iu  proporrioti  ta  tbe  dis^ 
Hm  it.  Frond  north  latitude  12^  to  43^  tbe  i^eap 
ir  of  rainy  days  is  7S  ^  froo»  43^  to  4C^  tbe  mean 
is  103  i  firom  46^  to  $0**  it  is  134  ^  from  $l« 
,lGi1I- 

Eiuaibcr  of  rainy  d^ys  h  often  greater  in  wipter 

tiiiimer  $  bat  the  quantity  ^f  rain  is  greater  in 

1  than  in  winter  **.     At  Pcleraborgh  the  uusa* 

'  €^f  inowy  days  dunng  winter  is  6  4,  and  the 


[  Cottc,  J^f,  d§  ^ijn,  Oct.  17^'  I  P<  ^64* 

1  HiL  Trami,  |  SdiM,  Tr«M.  il  144- 
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^uantifj  which  falls  is  onlj  about  five  inches ;  darifl| 
Bummer  the  number  of  rainy  days  is  nearlj  the  tame, 
but  the  quantity  wliich  falls  is  about  11  inches  */. 

More  rain  falls  in  mountainous  countries  than  in 
plains.    Among  the  Andes  it  is  said  to  rain  almost  per. 
petually,  while  in  Egypt  it  hardly  ever  rains  at  all.    If 
a  rain.^auge  be  placed  on  the  ground,  and  another  at 
some  height  perpendicularly  above  it,  more  rain  will 
be  collected  into  the  lower  than  into  the  higher;  a  proof 
that  the  quantity  of  rain  increases  as  it  descends,  owing 
perhaps  to  the  drops  attracting  vapour  during  their  pas- 
sage through  the  lower  strata  of  the  atmosphere,  where 
the  greatest  quantity  resides.    This,  however,  is  hot  al- 
ways the  case,  as  Mr  Copland  of  Dumfries  discovered 
in  the  course  of  his  experiments  f.     He  observed,  also, 
that  when  the  quantity  of  rain  collected  in  the  lower 
gauge  was  greatest,  the  rain  commonly  continued  for 
some  time ;  and  that  the  greatest  quantity  was  collected 
in  the  higher  gauge  only  eithe;-  at  the  end  of  great 
rains,  or  during  rainS  which  did  not  last  long.     These 
observations  are  important,  and  may,  if  followed  ont, 
give  us  new  knowledge  of  the  causes  of  rain.    They 
seem  to  show,  that  during  rain  the  atmosphere  is  some- 
liow  or  other  brought  into  a  state  which  induces  it  to 
part  with  its  moisture  ;  and  that  the  rain  continues  as 
long  as  this  state  continues.     Were  a  sufficient  number 
of  observations  made  on  this  subject  in  different  places, 
and  were  the  atmosphere  carefully  analysed  during  dry 
weather,  during  rain,  and  immediately  after  rain,  we 
might  soon  perhaps  discover  the  true  theory  of  rain. 


*  JWm.  Trmnu  iL  »44.  f  M^mAuttr  ^rmt*  iv.  619. 
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Ktlo  fclU  in  all  seasons  oi  Ihe  year,  aroit  times  ol. 
ithc  dijr,  and  during  the  night  as  well  89  the  ciaj  ^  iho% 
according  to  M.  Toaldo,  a  greater  quantity  falls  during 
the  Hky  than  the  nigbt.  The  cause  of  rain,  tiien,  ivhat- 
evcr  it  may  be,  must  be  fomcthing  which  operates  at 
all  times  and  seasons.  Rain  falh  ako  during  the  cmiti- 
imaDce  of  every  wind,  but  oftenest  when  the  wind 
Wows  from  the  south.  Falls  of  rain  oflcn  happen  like* 
wise  during  perfect  calms* 

It  appears  from  a  paper  published  by  M,  Cotte  in 
li:^  Journal  de  Physique  for  October  1791,  cotitaining 
tbc  mean  quantity  of  rain  falling  at  147  places,  sitoatcd 
between  north  lat,  11**  and  co^,  deduced  from  gables 
kept  at  these  places,  that  the  mean  annual  quantity  of 
rain  falling  in  all  these  places  is  34*7  inches.  Let  us 
suppose  then  (which  cannot  be  very  far  from  the  truth) 
that  the  mean  annual  quantity  of  rain  for  the  whole 
glabe  is  34  iticlies^p  The  supcrficiesof  the  globe  consistsof 
110,081,012  square  miles,  or  686,401,498,471,4;  5.20Q 
Sl|iitre  inches.  The  quantity  of  rain  therefore  falling 
annually  will  amount  to  23,S37,650,812,O3O.156,SO0 
cobicioches,  or  somewhat  more  than  91,751  cubic  miles 
of  water. 

The  dry  land  amounts  to  52,745.253  square  miles  ; 
the  quantity  of  rain  falling  on  it  annually  therefore  will 
amount  to  30,oe^0  cubic  miles.  The  quantity  of  water 
niuntng  annually  into  the  sea  is  13,140  cubic  miles  ;  a 
quantity  of  water  equal  to  which  must  be  supplied  by 
CTaporatiou  from  the  sea,  otherwise  the  land  would  soon 
be  completely  drained^f  its  moisture. 

The  quantity  of  rain  falling  annually  in  Great  Bri* 
IPUQ  may  be  seen  from  the  following  Table  : 
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Dover* 

Ware,  Hertfordshire*,^. 
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Manchester  *...• , 
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Lancaster  *  ,.*••« «•«•. 
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Glasgow  ^ ^ 
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Mr  Dalton,  in  an  ingenious  essay  on  this  subjeetj 
estimates  the  quantity  of  rain  for  Englapd  at  3 1  inchestfi 
but  as  wc  have  no  observations  kept  in  Wales  or  (ho 
Highlands  of  Scotland,  where  much  rain  falls^^  it  ctfU 
not  be  doubted  that  the  proportion  for  Britain  must  i^ 
ceed  that  sum. 

In  this  country  it  generally  rains  less  in  March  than 
in  November^  in  the  proportion  at  a  medium  of  ierea 
to  12*    It  generally  rains  less  in  April  than  October^iji 


*  Mantleder  7rans,  iT. 
\  Ibid,  vol  Ixxix.  part  x* 

'  Edim.  Trans.  L  108. 
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tHe  propottioo  of  one  to  two  ntztiy  at  a  medium*  It 
generally  rains  less  in  Maj  ihan  September  -,  the  chances 
thai  it  does  so  are  at  least  as  four  to  ihrec  :  but  whea 
It  rains  plentifully  in  May  (as  l"ft  locbea  or  naorc)^  it 
|et»ers)ly  rains  but  little  in  September  j  and  when  it 
raios  ooe  inch  or  less  in  Muy,  it  lain*  plentifully  ia 
September*. 
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■  yto  phenotoenon  in   meteorology  lias  more  engage! 
m  «]ie  attention  of  men  of  observation  than  the  wtnth,  or 

lliose  cnrrents  wbich  90  often  disturb  the  tranquillity  of 

tbe  amvosphere.     The  subject  is  not  only  curious^  but 

lilghly  interesting  ;  for  upon  tbcif  direction  and  fe)rce 

I       ^vigation  in  a  great  measure  depends  i  the  tempera- 

■  fore  of  climates  is  greatly  influenced  by  them;  and  they 
"    «rc  absolutely  necessary  to  preserve  the  salubrity  of  the 

Stmcsphere.  To  be  acquainted  with  the  laws  by  which 
they  are  legnlated,  and  to  be  able  to  calculate  before* 
liand  the  consequences  of  these  laws»  has  been  in  every 
#ge  the  eager  wish  of  philosophers.  But  whether  ft  has 
%eei7  owing  10  an  improper  method  of  studying  this  sub* 
feet,  or  to  its  lying  beyond  the  reach  of  the  human  fa- 
iOltieSy  phtlosophers  have  not  made  thst  progress  in  it 
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^^^^'  ^  which  the  sanguine  imaginations  of  some  individuals 
led  them  to  expect.      Manj  discoveries  indeed  have 
been  made  ;  and  from  the  nambers  and  the  genios  of 
the  philosophers  at  present  engaged  in  this  studj^  others 
equally  important  may  be  expected.      But,  Jiotwitb- 
standing  this,  many  of  the  phenomena  remain. .  unez* 
plained,  and  a  rational  and  satisfactory  theory  seemi 
still  beyond  our  reach.      I  shall  in  this  Section  give  as 
complete  a  detail  as  possible  of  the  natural  history  of 
the  wincfs  in  the  different  parts  of  the  world,  and  then 
consider  how  they  may  be  explained, 
t.  Windvin       As  the  winds  are  much  more  regular  between  the 
dve^tomd      tropics  than  in  the  temperate  iones,  it  will  be  proper 

in  the  first  place  to  begin  with  them.    . 
Trade-  In  those  parts  of  the  Atlantic  and  Pacific  Oceans 

which  lie  nearest  the  equator,  there  is  a  regular  wmd 
during  the  whole  year  called  the  trade^wind.     On  tb« 
north  side  of  the  equator  it  blows  from  the  north-etpt^t 
varying  frequently  a  point  or  two  towards  the  north  o'^. 
east ;  and  on  the  south  side  of  it,  from  the  ^onth-east     \ 
changing  sometimes  in  the  same  manner  towards  th^'^ 
south  or  east.     The  space  included  between  the  tecon   ^ 
and  fifth  degree  of  north  latitude  is  the  internal  limit 
these  two  winds.     There  the  winds  can^neither  be  sai 
to  blow  from  the  north  nor  the  south  ;  c^ms  are 
quent,  and  violent  storms.    This  space  varies  a  little 
latitude  as  the  sun  approaches  either  of  the  tropics.' 
In  the  Atlantic  Ocean  the  trade-winds  extend  fa:thi 
north  on  the  American  than  on  the  African  coast  \ 
as  we  advance  westward,  they  become  gradually 
easterly,  s^nd  decrease  in  strength  *•     Their  force 


\ 


«  Dr  HaUcy,  Phil.  Tram.  Abr.  voL  Ti.  p.  134. 
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Iftliei  Iti  roach  their  utmost  bcmn* 

!«»•     h  rd  also,  that  as  U*e  suii  ap- 

ichcs  the  tropic  of  Cancer,  the  south *east  winds  be- 

^e  gradually  more  southerlj,   and  ibe  norib-east 

is  mot  ^easterly :  exactly  the  contrary  takes  place 

the  sun  is  approaching  the  tropic  ot  Capricuin  *^« 

The  trade*  wind  blows  constantly  in  the  Indian  Ocean   MomoGOtk 

Sm  the  lOth  degree  of  south  latitude  to  near  the  30th  : 

to  the  northward  of  this  the  winds  chacge  every  six 

fts,   and  blow  directly  opposite   to  their  former 

fwursc.    These  rcgnlar  wiuds  arc  called  monsa^njf  ir am 

llhc  Malay  word  moas^in^  which  signifies  **  a  season  f". 

^'hcD  they  ^hifl  their  direction,  variable  winds  and  vi. 

[storms  succeed^  which  last  for  a  moDth  and  fre- 

[itly  longer ;  and  during  that  time  it  is  <langerotis 

▼csstlai  to  continue  at  sta, 

TliQ  monsoons  in  the  Indian  Ocean  may  be  reduced 

|to  two  ;  one  on  thj^orih  and  another  on  the  sontb  side 

the  equator  ;   which  extend  iriim  Africa  io  the  Ion* 

icudc  ol  New  Holland  and  the  east  coast  ot  Chfn.ty  &nd 

rhich  sufftr  partiai  changes  in  particular  places  trom 

le  sitaation  and  inilection  of  the  ntighbouring  coud^ 

cs. 

1.  Between  the  3d  and  lOth  degrees  of  south  lati- 
%dt  the  somh-east  triide  wind  contiimcs  from  April  to 
ctober  ;  but  during  the  rtsi  of  the  year  the  wind  blows 
roro  the  north-west  J.  Between  Sumatra  and  New 
loliand  this  monsoon  blows  trom  the  south  during  our 


•  Dr  Hallcy,  Phth  Tram,  Ahr.  TOt.  iL  p.  IJ4. 

f  Foicit*9  ^'tya^e^  p.  95.  * 

}  Dr  HftUcf,  SiiL  Trmt^Aht,  vol  ii  p.  1 36. 
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sumfcer  months,  approaching  graduallj  to  th^  umt 
east  as  we  advance  towards  the  coast  of  New  Hollmd  ^ 
it  changes  about  the  end  of  September,  and  coniifiiies 
in  the  opposite  direclioo  till  April  ^.  Between  Africa 
and  MadagaM^ar  its  direction  U  influenced  bjihei 
for  It  blows  from  ihe  north  east  froro  October  to  Af 
and  during  the  ^cst  of  the  year  from  the  south*  weat  f  J 

^,  Over  all  the  Indian  Oc^an,  to  the  northward  i 
flic  3d  degree  of  souih  latitude^  the  north-east 
Wind  blows  from  October  to  Aprils  and  a  sottlh<-wtft 
wind  from  April  to  October  J.  From  Bomcop  aloog 
the  coast  of  Malacca  and  is  far  as  China,  this  monsoon 
in  summer  blo^s  nearly  from  the  south,  and  in  winter 
from  the  north  by  east§.  Near  the  Coast  of  Africa^ 
between  Mozambique  and  Cape  Guardrfan,  the  winds 
arc  irregular  during  the  whole  year^  owing  to  the  dif* 
ferent  monsoons  tvhich  surround  that  particular  place* 
Monsoons  are  likewise  regular  imhe  Red  Sea  , 
tweeo  April  and  October  they  blow  from  the 
Direst,  and  during  the  other  months  from  the  south- 
l^eeping  constantly  parallel  to  the  coast  of  Arabia  f|. 

Monsoons  are  not  altogether  confined  to  the  Indian 
Ocean ;  on  the  coast  of  Brazil,  between  Cape  St  An* 
gustine  and  the  IsTartd  of  St  Catherine,  the  wind  blows 
between  September  and  April  from  the  east  or  nortb* 
east^  and  between  April  and  September  from  the  south* 


•  Dr  HtUqrt  H^L  Tr^m,  Abr.  voL  iL  p,  sj6i> 

f  Bnjce'i  Travtii,  wL  i.  p.  459. 

I  Dr  Hilky.  PhiL  Irau,  Ahr*  vol.  ii.  f.  SjC* 

(  Dr  Hillcy,  ItiiJ. 

I  Bnicc't  Trs^h ,  vol  I  cfi*  4> 


I 

I 


west  •.  The  bay  of  Panama  is  the  only  place  en  the 
^^tti  ude  of  a  great  continent  where  the  wind  shifts 
regularly  at  dtiferrnt  seasons :  there  it  is  easterly  bc^ 
tween  September  and  March  ;  but  between  March  and 
September  it  blows  chiefly  frocn  the  south  2pd  south<p 
west. 

Such  in  general  is  ihe  direction  of  the  winds  in  the 
torrid  lone  all  over  the  Atlantic,  ?acificp  and  Indian 
Oceans  ;  but  ihey  are  subject  ro  partictilar  exceptions, 
ivhich  it  is  proper  to  enumetate*  On  the  coast  of  A- 
fnea,  from  Cape  Bayador  to  Cape  Verde,  the  wlnit 
are  geocrally  north-west ;  from  hence  to  the  island  of 
5t  Thomas  near  the  equator  they  blow  almost  pcrpen- 
dlcnlar  to  the  sbore^  bending  gradually  as  we  advance 
iomhwards,  first  to  the  west  and  then  to  the  south* westf, 
Oa  the  coast  of  New  Spain  likewise,  from  California 
to  the  bay  of  Panama,  the  winds  blow  almost  constant- 
Ij  from  the  west  or  south-west,  except  during  May. 
June,  and  J^^Jt  when  land-winds  prevail,  called  by  the 
Spaniards  Pop^gaycs^  On  the  coast  of  Chili  and  Peru  tt 
from  20  or  30  degrees  south  latitude  to  the  equator, 
atid  on  the  parallel  coast  of  Africa,  the  wind  blowt 
during  the  whole  year  from  the  south,  varying  accord- 
ing to  the  direction  of  the  land  towards  which  it  in* 
clineSt  and  extending  much  farther  out  to  sea  on  the 
Ateericao  than  the  African  coast.  The  trade^winds  arc 
mlso  interrupted  somt; times  by  westerly  winds  in  the 
Bay  of  Cam  peachy  and  the  Bay  of  Honduras. 

As  to  the  countries  between  the  tropics,  we  are  too 


•  Sif  Wilier  Rdtigh'«  Fayagt,    Furc»t'»  r^jftf^.pi  97. 

f  Dr  KUlrf ,  PLit  Trans,  Abr.  vol.  ii.  p.  1$^* 

i  Sir  Walter  Raldj^b't  Tj^^^.— Dr  Gird  en,  P^iU  Trans,  Ak.  to!. 
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Book  T.     little  acquainted  with  them  to  be  able  to  give  a  satisfac^ 
^    '        ,  tory  history  of  their  winds. 

Sea  3nd  In  all  maritime  countries  between  the  tropics  of  any 

y.  1^  extent,  the  wind  blows  dnring  a  certain  niimber  of  hours 

every  day  from  the  sea,  and  during  a  certain  number 
towards  the  sea  from  tlie  land  ;  these  winds  are  called 
tlie  sea  and  land  breezes.  The  sea-breeze  generally  sets 
in  about  ten  in  the  turenoon,  and  blows  till  six  in  the 
evening ;  at  seven  the  land-breeze  begins,  and  jconti* 
nucs  till  eight  in  the  morning,  when  it  dies  away  *•  Dn- 
ring summer  the  sca-brcczc  is  very  perceptible  on  all 
the  coasts  of  the  Mediterranean  Scaf,  and  even  some- 
times as  far  north  as  Norway  J. 

la  the  island  of  St  Lewis  on  the  coast  of  Africa,  in 

X^indsin  *•  '        .  ,        . 

pLJUwU,      16P  north  latitude,  and  16^  west  longitude,  the  wind 

daring  the  rainy  season,  which  lasts  from  the  middle  o£ 

July  to  the  middle  oi  October,  is  generally  between  the. 

south  and  east ;  during  the  rest  of  the  year  it  is  for  th.^ 

most  part  east  or  north-east  in  the  morning  ;  but  as  tb^ 

sun  rises,  the  wind  approaches  gradually  to  the  nortbs, 

till  about  noon  it  gets  to  the  west  of  north,  and  is  callc  WL 

a  sea-breeze.     Sometimes  it  shifts  to  the  east  as  thesA^  ^ 

descends,  and  continues  there  during  the  whole  nigh,  "tf  • 

In  February,  March,  April,  May,  and  June,  it  blov^^i 

almost  constantly  between  the  north  and  west  $•     K^n 

BaUma.        the  island  of  Bnlama,  which  lies  likewise  on  the  w^   ^ 

coast  of  Africa,  in  the  llth  degree  of  north  latiti^  ^ 


«  Mar»dcn*s   Hist,  cf  Sumatrt,  p.  17.— Buffon'i  NaU  Hiif,  ?oI  . 
p.  385. 

f  Volncy's  Travels, 

J  Pontoppidan'a  Satural  Wjtory  0/ Norway, 

\  Dr  Schottc,  PbiL  Trans,  vol.  Ixx.  art.  25. 
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i^s  wind  during  nine  tnonihs  of  the  year  blows  ffom     Chap.TLj 

^B^uth-westi  but  in  November  and  December  a  very 

ma  wind  blows  from  the  north-east  •. 

^fa  the  kingdom  of  Bornou,  which  lies  between  the    Bcmou» 

^B  and  20th  degree  of  north  lattuide,  the  wztxn  sea* 

bn  is  introduced  about  the  middle  of  April  by  sultry 

rinds  from  the  south-easr,  which  bring  along  wiih  them 

t  deluge  of  rain  f .     In  Fezxun,  which  is  situated  about   F«3zap, 

^ic  25th  degree  of  north  latitude  and  the  35ih  degree 

\t  cast  longitude,  the  wird  from  May  to  August  blows 

ham  the  cast,  south-east,  or  south-west,  and  is  intense- 

|n  AbysMnia  the  winds  generally  blow  from  the  west^  Abyiunij^ 
iorth-wcst,  north,  and  north-cast.  During  the  months 
\(  June,  July,  August,  September,  and  October,  the 
t>rth  and  north-east  winds  blow  almost  constantly, 
Ipcctally  in  the  morning  and  evening  j  and  during  the 
^^f  the  year  they  are  much  more  frequent  than  any 
l^f  winds}. 

^t  Calcutta,  in  the  province  of  Bengal,  the  wind  Et«t  and 

lows  during  January  and  February  from  the  south*   ^^^^ 

est  mnd  south  j  in  March,  April,  and  May,  from  the 

lib  i  in  June,  July,  August,  and  September,  from  the 

tod  south-cast ;  in  October,  November,  and  De- 

bcr,  from  the  north-west  )| .     At  Madras  the  most 

[lent  winds  are  the  north  and  north-east.      At  Ti- 

[cl&  in  St  Domingo,  and  at  lies  de  Vaches,  the  wind 


•  P.  Beaver,  Eiq.    See  Mtp  in  Wad«trom*«  Entity  on  CnUnizatiam^ 

I  Afrkan  Aftociation,  p.  9€0«  f^IbilL 

acc'i  Traveh,  Yol.  iV.  p.  651. 

i  RtiAinln^  ▼oil  i.  and  it.  Append* 
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bloTivs  oficnest  from  the  south  and  south-cast  *.  From 
thes^  lacts  it  appears^  that  in  tnost  tropical  countries 
iwith  which  we  are  acquainted,  tlie  wi&d  generally  blows 
fr^m  the  nearest  ocean^  except  during  the  coldest  xnoothi^ 
when  it  blows  toMfards  it. 

In  the  temperate  zones  th^  direction  of  the  windtii 
hy  no  means  so  regulfir  as  between  the  tropics^     Evcfl 
in  llic  ftaroe  degree  of  latitude  we  find  ihcro  often  blow, 
ing  in  different  directions  at  the  same  time ;  while  iheif 
changes  are  frequently  so  sadden  and  so  capricious^  that 
to  account  for  them  has  hitherto  been  found  impossible* 
AVhen  winds  are  violent,  and  continde  long^  they  gt« 
neraliy  extend  over  a  large  tract  of  country  :  and  this 
is  more  certainly  the  case  when  they  blow  from  the 
north  or  east  than  from  any  other  points  f.     By  the 
mnlti plication  and  comparison  of  Motcorological  Ta^ 
bksi  some  regular  connection  between  the  changes  of* 
Che  atmosphere  in  difierent  places  may  in  time  be  ob- — ^ 
served,  which  will  at  last  lead  to  a  satisfactory  theoiy    '^ 
of  the  windst     It  is  from  such  tables  chiefly  lliat  tlie^— 
following  facts  have  been  collected . 
tiiAmcrks»       |ti  Virginia  the  prevailing  winds  are  betwceii  the^= 
south-we&t,  west,  north,  and  north-west ;  the  most  frc 
qoeut  is  the  south*wcst^  which  blows  more  const^uitl 
so  Juntp  July»  and  August,  than  at  any  other  season.^^ 
The  north-west  winds  blow  most  constantly  in  Novem^.. 
ber,  December,  January,  and  February  %*    At  Ipswi 


bx  New  England  the  prevailing  winds  arc  sJso  be  ^^« 


ioudi.west,  west,  oorth,  and  nortTi-east ;  iikc   ^Cfc^U-^ 

it  is  the  north* west  *•     But  at  Cambridge, 

pr^incCp  tht  xno^l  fiequcot  wind  is  llic 

fm    Tbe  predominant  winds  at  New  York 

rtb  and  west ) :  And  in  Nova  Scotisi  oof  th- 

1^  blow  for  tbrcc-fourtht  of  the  jcar  j.     The 

d  blows  most  fr^^uently  at  Montreal  io  Ca« 

If  at  Quebec  the  wind  generall/  follows  tbe 

pf  the  River  St  Lawrence^  blowiag  either  bom 

^*«ast  or  tkoutb-west  1).      At  Hudson's  Baj 

prindsblow  for  lbrce*fourtiis  of  the  year  ;  tlic 

I  wiiid  occasions  the  greatest  oold|  but  the 

north-east  are  the  vehicles  of  snow  ^. 

tirt  from  these  facts,  ihai  westerly  winds  are 
ttenl  over  ibc  whole  eastern  coast  of  North 
f  thwt  io  the  southern  provioces  sonth-weU 
fcdoixtinate  ;  and  that  the  north* west  become 
f  more  frequerit  as  we   approach  Hie  frigid 

tpt,  duriog  psut  of  May,  and  during  June,  Ju-  in  IgTP* 
^st,  and  September*  the  wind  blows  aJmom 
r  from  the  noilh,  varying  soipetimes  iu  Juuc 
•ly  and  in  July  to  ibf  weat  fuid  the  em^  ^  dtt» 
fof  Sep^mber,  aod  in  October  and  November, 
\  ar9  variable,  but  blow  more  regularly  fro^a 
^an  any  other  quarter  i  io  December,  Jan* 
i  Fcbru9try^  thty  blow  from  the  north,  norths 

fwest  ^  towards  the  end  of  Febri^rj  tkcy 
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changcto  tTie  south,  in  which  quarter 
near  the  end  of  March  ;  during  the  last  days  of  Matrcfi 
and  in  April  they  blow  from  the  sotith>east,  south,  and 
south-we$t^  and  at  last  from  the  east ;  and  in  this  di- 
rection they  continue  during  a  part  of  May*. 
lothpMc*  In  the  Mediterranean  the  wind  blows  nearly  three- 
^itcrrancMi.  fourths  of  the  year  from  the  north  ;  about  the  eqaU 
noaccs  there  is  always  an  easterly  wind  in  that  sea,  which 
is  generally  more  constant  in  spring  than  in  autumn +. 
These  observations  do  not  apply  to  the  Gut  of  Grbral* 
tar,  where  there  are  seldom  any  winds  except  the  east 
and  the  west.  At  Bastia,  in  the  island  of  Corsica^  th^ 
prevailing  wind  is  the  south-west  t- 

In  Syria  the  north  wind  blows  from  the  atitnninal 
equinox  to  November  ;  during  December,  January,  ao4 
Febniary,  the  winds  blow  from  the  west  and  south*  west } 
in  March  they  blow  from  the  south,  in  May  from  tW 
castp  and  in  Jime  fronrthc  north.  From  this  month  to 
the  autumnal  rquinox  the  wind  changes  gntdually  ai 
the  sun  approaches  the  equator  ;  first  to  the  cast,  then 
to  the  souths  and  lastly  to  the  west  §.  A}  Bagdad  the 
most  frequent  winds  are  the  somh«west  and  north-wett'^ 
at  Pckin,  the  north  and  the  south  ||  ;  at  Kamtscfiatka,  on 
the  norlh-easr  coast  of  Asia,  the  prrx'-ailing  winds  blow 
from  the  we^t  ^, 

In  Italy  the  prevailing  winds  differ  considerfibly  ao^ 
cording  to  the  situation  of  the  phoes  where*the  obseiv 
Vfttions  have  been  made  :  At  Rome  and  Padua  they  «f% 


Soadiof 
Xur»p«, 


t  Cotte«  /eitt.  dt  P^yu  1791. 
I  Cotte«  Ibid. 


?  llu'tl.  U59  and  65. 
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B6rihcrl/t  *^  Milan  easterly  *.     All  that  we  have  been      Chan.n. 

able  to  leam   concerning  Spain  and  Portugal  is,  that  on 

the  west  coast  of  these  countries  the  west  is  by  far  the 

most  canunoo  wind,   particularly  in  summer  ;  and  that 

ftt  Madrid  the  wind  is  north-east  for  the  greatest  part 

of  the  sommer,  blowing  almost  constantly  from  the  Py- 

reoean  mountains  f.     At  Berne  in  Switzerland  the  pre* 

vailiog  winds  are  the  north  and  west  ^  at  St  Gottard* 

the  north.east  ^  at  Lausanne^  the  north*west  and  south* 

west  J. 

Father  Cotte  has  given  us  the  result  of  observations  yrxacc* 
made  at  ao  different  places  of  France  t ;  fi^om  which  it 
appears,  that  along  the  whole  south  coast  of  that  king. 
dttm  ibc  wind  blows  most  frequently  from  the  north, 
iK»fth«west,  and  north-east }  on  the  west  coast,  from  the 
westy  south-west,  and  north- west  i  and  on  the  north 
coasty  firom  the  south-west :  that  in  the  interior  parts 
cf  Fnmoe  the  south-west  wind  blows  most  frequently 
in  18  places  ;  the  west  wind  in  14 ;  the  north  in  13  i 
ibe  south  in  six ;  the  north-east  in  four  »  the  south-east 
in  two  ;  the  east  and  north* west  each  of  them  in  one. 
Oa  the  west  coast  of  the  Netherlandsi  as  far  north  as 
Rotterdam,  the  prevailing  winds  are  probably  the  south- 
west, at  least  this  is  the  case  at  Dunkirk  and  Rotter- 
dam t'  I(  IS  probable  also  that  along  the  rest  of  this 
coast,  from  the  Hague  to  Hamburg,  the  prevailing 
winds  are  the  north-west,  at  least  these  winds  are  most 
frequent  at  the  Hague  and  at  Franckcr  t.  The  prevail- 
ing wiud  at  Delft  is  the  south-east ,  and  at  Breda  the 
north  and  the  east  t* 


Foi,  in. 


t  Bohuo'i  N»>.  tfHTukU,  p.  tl&. 
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In  Germtny  the  e«M  wind  is  most  freqamt  it  Got- 
tingeo,  Munich^  W5e%scmlmrgh,  Dus»eldorf,  Sag«DUia^ 
Erford,  and  at  Buda  in  Hungary  ;  the  south*eatt  at 
Prague  and  Wirtz^burg  ;  the  north-ea$t  at  Ralisbon  ; 
and  the  west  at  Manheioi  and  Berlin  *. 

From  an  average  of  ten  years  of  the  register  kept  by 
order  of  the  Royal  Society,  it  appears  thai  at  Londoo 
the  winds  blow  in  the  following  order: 

WiodA.  Dsyt*  Wind*.  S)tf^ 

Soath-we&t.*«  ••  ••112         South-east.,.  ««•«••$# 


NorUi.emst., 5t 

North*west  *.••••••  50 

West 53 


£aU...^ .••20 

South 1$ 

North. ••,..«,.,.,1^ 


It  appears  from  the  same  reginter.  Chat  tba  lootk- 
west  wind  blows  at  an  average  more  frequently  thaa 
any  other  wind  during  every  month  of  the  year,  awl 
that  it  blows  longest  in  July  and  August  ^  that  the 
oorth.east  blows  most  constantly  daring  Jaonirjfi  ^ 
March,  April,  May,  and  June,  and  most  seldom  daring 
February,  July,  September,  and  December  »  and  that 
the  North-west  wind  blows  oftener  from  November lo 
March,  and  more  seldom  during  September  and  OctO* 
ber  than  any  other  months.  The  south«west  winds  trt 
also  most  frequent  at  Bristol,  and  next  to  them  are  ttie 
north.east  f* 

The  following  Tajle  of  the  winds  at  Lancaster  hu 
been  drawn  up  from  a  register  kept  for  seven  jears  it 
that  place  %* 


•  Cotte»  J»ttr.  di  Piyt,  i79f. 

}  M^tHhtiiT  rrM#«r#^M,iT«  S|4« 


t  ^Hk  TMit**  Icvi.  a. 
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Soatb-west ..92 

Norttueast  .«..•.* .67 
South «.*..5I 


Windi.  IHyi. 

South.eaSt......^,a5 

North ........... 30 

North*W€sl*.« ..  .t^G 
£isi.».«* it 


ch»r.  n. 


rbe  feUowing  Table  is  an  abstract  of  nine  years  ob- 
uions  made  at  Dumfries  bj  Mr  Copland  ^. 

Wind*.  ^<T^ 

North.. ««».**«...S6^ 
North-west  r.V*  ♦  •  «g5f 

South-east I8f 

North*east. i4f 


South •*82i^ 

Last 68 

South-west  ..•••*  ^^T 


The  following  Table  is  an  abstract  of  seven  years 
obsenntions  made  by  Dr  Meek  at  Cambuslang  near 
Glasgow  t* 

WmiU*  I>atyi>  Wlndi.  Dayi, 

iSouth-west 174         Nonh-east. 104 

forth- west 40         South-cast 4t 

It  appears  from  the  register  from  which  this  Table 
wai  extractedi  ibat  the  Dorth*east  wind  blows  maeh 
more  ^quently  in  Aprils  May,  and  June^  and  the 
MOth-west  in  July,  August,  and  September,  than  at 
aoy  other  period*  The  south-west  ii  by  far  the  most 
fteqnent  wind  all  over  Scotland^  especially  on  the  west 
coast.  At  Saltcoats  in  Ayrshire,  for  instance,  it  blows 
three-fourths  of  Ihe  year ;  and  along  the  whole  coast 
0f  Murray,  on  the  north-east  side  of  Scotland^  it  blows 
lor  two-thirds  of  the  year.     East  winds  arc  common 

rcr  all  Great  Britain  during  April  and  May  i  but 


•  Maiutiiler  Tra/fiattiejtM^  it.  334. 
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their  lafluence  Is  felt  most  severely  on  the  eartcnr 
coast. 

The  following  Table  exhibits  a  view  of  the  nnmber 
of  days  during  which  the  westerly  and  easterly  winds 
blow  in  a  year  at  diffisrent  parts  of  the  island.  Under 
the  term  vsesterly  are  included  the  north-west,'  wtiX^ 
south-westy  and  south ;  the  term  easterly  is  taken  ia 
the  same  latitude  r 


ircUnd, 


Nonbof 
Xurope. 


Yean  of 
Obicnr. 


10 

7 

51 

0 

10 

1  • 

8 


fkcet. 


London       

Lancaster 

Liverpool*      .     .     .     .     • 

Dumfries 

Branxholmy  44  miles  south- 
west of  Berwick  f  •     .     . 
Cambuslang     .     •     .     •     • 
Hawkbilly  near  Edinburgh  X 


Mean 


WllTAw 

Weiteriy.  Earterij. 


233 
216 
100 
227*5 

232 
214 
220-5 


220-3 


132 
140 
175 
13T5 

133 
151 
135*5 


144*1 


In  Ireland  the  south-west  and  west  are  the  grand 
.trade-winds,  blowing  most  in  summer,  antamn,  and 
winter,  and  least  in  spring.  The  north-east  blowamoit 
in  spring,  and  nearly  double  to  what  it  doe*  in  aatunm 
and  winter.  The  south-east  and  north-west  are  neatly 
equal,,  and  are  most  frequent  after  the  sotttb*wesl  aad 
west  J. 

At  Copenhagen  the  prevailing  winds  are  the  east 
aad  south-east  i  at  Stockholm,  the  west  au^  north  |]. 


*  Msncbester  Tram.  iv.  |  FJim,  Trsm,  i.  203. 

§  Rutty's  Hht,  tfthe  Weather^  Ce,  in  Dnhlin^ 
r.  Cottc,  J9nr.  de  Phyt,  l^^U 


I  Ibid 


7^  Riwiat  from  an  average  of  a  register  of  |6  yoars, 
the  winds  blow  from  November  to  April  in  the  foIlow<- 
Ing  ofdcr : 

W.    N.W.    E.   S.W*    S.    N.E.  N,  S.E. 
Days     45  26       23        22       20        19       14     12 

And  during  the  other  six  month Sp 

\\\  N.W.   £.    S.W.     S.    N-E,    N,     SJi. 
Dayi     21        21        10        24       22        15        32        IS 

The  west  wind  blows  during  the  whole  year  72  daysj 
the  north-west  53  ;  the  south-west  and  north  56  days 
each*  During  summer  it  is  calm  for  41  days,  and  du- 
ring winter  for  21  *.  In  Norway  the  most  frequent 
winds  are  the  south,  the  south-west,  and  south-east* 
The  wind  at  Bergen  is  seldom  directly  west,  but  gene- 
rally south-west  or  south-east;  a  north* west,  and  es- 
pecially a  north.east  wind,  are  but  little  known  there  f. 

From  the  whole  of  these  facts,  il  appears  that  the 
mosi  frequent  winds  on  the  south  coasts  of  Europe  are 
the  north,  the  north-east»  and  north-west  ^  and  on  the 
western  coast,  the  south-west;  that  in  the  interior  parts 
which  lie  most  contiguous  to  the  Atlantic  ocean,  south- 
west winds  are  also  most  frequent ;  but  that  easterly 
winds  prevail  in  Germany.  Westerly  winds  arc  also 
most  frequent  on  the  north*east  coast  of  Asia. 

It  is  probable  tliat  the  winds  are  more  constant  in 
\  the  south  temperate  zone,  which  is  in  a  great  measure 
covered  with  water,  than  in  the  north  temperate  zone, 
where  their  direction  must  be  frequently  interrupted 

id  altered  by  mountains  and  other  causes. 


Chap,  n* 


j(.  South 

temperate 

zone. 


•  Giidiric  on  the  Climate  of  Rtisna,  ESm.  Tr^tn 
I  Pomoj>pid4n's  K*t.  Hitt  »/  Ntr^u^ay^  part  l 
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Book  I.  M.  de  1ft  Cailte,  who  was  sent  thither  hj  the  Frenoh 
king  to  make  astronomical  observations,  infomit  us, 
that  at  the  Cape  of  Good  Hope  the  main  winds  tre  tlie 
southeast  and  north-west;  that  other  winds  seldom 
last  longer  than  a  few  hours  ;  and  that  the  east  and 
north-east  winds  blow  very  seldom.  The  south-east 
wind  blows  in  most  months  of  the  year,  but  chiefly 
from  October  to  April ;  the  north-west  prevails  during 
the  other  six  months,  bringing  along  with  it  rain,  and 
tempests,  and  hurricanes.  Between  the  Gape  of  Good 
Hope  and  New  Holland  the  winds  are  commonly  west- 
erly,  and  blow  in  the  following  order:  north-west, 
8outh*west,  west,  north  \ 

In  the  Great  South  Sea,  from  latitude  30^  to  40* 
south,  the  South-east  trade-wind  blows  most  frequently, 
especially  when  the  sun  approaches  the  tropic  of  Ca* 
pricom  ;  the  wind  next  to  it  in  frequency  is  the  north- 
west, and  next  to  that  is  the  south-westi  From  south 
latitude  40^  to  50^  the  prevailing  wind  is  the  nordi- 
west,  and  next  the  south-west.  From  50*  to  00^  the 
most  frequent  wind  is  also  the  north-west,  and  next  to 
it  is  the  west  f. 

Thus  it  appears  that  the  trade  winds  sometimes  ex- 
tend farther  into  the  south  temperate  zone  than  tbm 
usual  limits,  particularly  during  summer ;  that  beyond 
their  influence  the  winds  are  commonly  westerly  ;  tod 
that  they  blow  in  the  following  order:  north-west, 
south-west,  west. 

Such  is  the  present  state  of  the  history  of  the  direc« 


«  Meteorological  Tablet  at  the  end  of  Philip's  and  White's  f^iytf;e.\ 
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Uoa  oC  the  winds*  In  the  torrid  zo»c  tbej  blow  con^^ 
fiantlj  from  the  north-east  oa  the  north  side  of  the 
t^iiator,  and  from  the  south-east  on  the  south  side  of 
it.  In  the  north*  temperate  zone  they  blow  most  fre^ 
quentlj  horn  the  south-west ;  in  the  south  temperate 
zone  from  the  north-* westj  changing,  however,  frequent* 
Ij  to  all  points  of  the  compass ;  and  in  the  north  tem- 
perate zone  blowing,  particularly  during  spring,  from 
the  north-east. 


Chap,  H 
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As  to  the  velocity  of  the  wind,  its  variations  are  al- 
most infinite,  from  the  gentlest  breeze  to  the  hurricane 
which  tears  up  trees  and  blows  down  houses.  It  has 
been  remarked,  that  our  most  violent  winds  take  place 
when  Tieither  the  heat  nor  the  cold  is  greatest  j  that  vi. 
oleni  winds  generally  extend  over  a  great  tract  of  coun* 
try;  and  that  they  are  ^companied  by  sudden  and 
great  falls  in  the  mercury  of  the  barometer.  The 
wind  is  sometimes  very  violent  at  a  distance  from  the 
earth,  while  it  is  quite  calm  at  its  surface.  On  one  oc- 
casion Lunardi  went  at  the  rate  of  70  miles  an  hour  in 
his  balloon,  though  it  was  quite  calm  at  Edinburgh  when 
be  ascended,  and  continued  so  during  his  whole  voyage. 
The  following  Table,  drawn  up  by  Mr  Smeaton,  will 
give  the  reader  a  pretty  precise  idea  of  the  velocity  of 
iht  wind  in  different  circumstances  ** 


Velocity  of 
the  wtfldi* 


#  W^.  Trtfff.  M1S9»  h  ^^S' 
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1 

2 

3 

4 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

60 

80 

100 


i-'cct  per 
Second. 


1-47 

2-93 

4-4 

5-87 

7-33 

14-e7 

22*  ^ 

29-34 

36*67 

44-01 

51-34 

58-68 

66-01 

73-35 

88*02 

117*36 

146*7 


PerpcodicuUr  horce  on  oue  sauarc  Foot,  in 
Avoirdupoti  Poundi  aad  FutM, 


49-200 


Hardly  perceptible 
Just  perceptible 

Gently  pleasant 
Pleasant,  brisk 
Very  brisk 
High  wind 

Very  high  wind 

Storm  or  tempest 

Great  storm 

Hurricane 

Hurricane  that  tears  op 
trees  and  carries  build- 
ings before  it. 


Let  us  now  consider  the  cause  of  these  numeroas 

jpurrents  in  the  atmosphere. 

Bxpltni-  jj  cannot  be  doubted  that  the  surface  of  the  earth  un- 

tion  of  tnc 

(cauteof  the  der  the  torrid  zone  is  much  more  heated  by  the  rajs  of 
wfiadi  ^^^  ^^"  ^^^^  under  the  frozen  or  temperate  zones,  be- 
cause the  rays  fall  upon  it  much  more  perpendicularlj. 
This  heat  is  communicated  to  the  air  near  the  tdrface 
of  the  torrid  zone,  which  being  thereby  rarefied,  as* 
cends ;  and  its  place  is  supplied  by  colder  air,  which 
rushes  in  from  the  north  and  south. 

Now  the  diurnal  motion  of  the  earth  is  greatest  at 
the  equator,  and  diminishes  gradually  as  we  approach 
the  poles,  where  it  ceases  altogether.  Every  spot  of 
the  earth's  surface  at  the  eauator  moves  at  the  rat^  of 


15  geopuphical  miles  in  a  minute  ;  at  the  40*  otlati* 
tude^  it  moves  at  about  X  If  mites  in  a  minute  ;  and  at 
Ibe  30**,  at  nearly  13  miles.  The  atmosphere,  by  mo- 
wing continually  round  along  with  the  earth,  has  acqui- 
red the  same  degree  of  motion  ;  so  that  those  parts  of 
it  which  are  above  the  equator  move  faster  than  those 
which  are  at  a  distance.  Were  a  portion  of  the  atmo- 
apbere  to  be  transported  in  an  instant  from  latitude  30° 
to  the  equator^  it  would  not  immediately  acquire  the 
velocity  of  the  equator  ;  the  eminences  of  the  earth 
therefore  would  strike  against  it,  and  it  would  assume 
the  appearance  of  an  cast  wiod.  This  is  the  case  in  a 
smaller  degree  with  the  air  that  flows  towards  the  equa- 
tor, to  supply  the  place  of  the  rarefied  air,  which  is  con- 
tinually ascending ;  and  this,  when  combined  with  its 
roal  motion  from  the  north  and  south,  must  cause  it  to 
assume  the  appearance  of  a  north-easterly  wind  on  this 
side  the  equator,  and  of  a  south  easterly  beyond  it  *- 

The  motion  westwards  occasioned  by  this  difference 
in  celerity  alone  would  scarcely  be  perceptible  ;  but  it 
is  much  increased  by  another  circumstance.  Since  the 
rarefaction  of  the  air  in  the  torrid  zone  is  owing  to  the 
heat  derived  from  the  contiguous  earthy  and  since  this 
beat  is  owing  to  the  perpendicular  rays  of  the  sun^  those 
parts  must  be  hottest  where  the  sun  is  actually  vertical^ 
and  consequently  the  air  over  them  must  be  most  rare- 
fied ;  the  contiguous  parts  of  the  atmosphere  will  there* 
fore  be  drawn  most  forcibly  to  that  particular  spot. 
J^ow  since  the  diurnal  motion  of  the  sun  is  from  east 
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^^«*^  to  west,  this  hotte&t  spot  will  be  contniviUj  tbiftb|f 
westwards,  aad  this  wiU  occasioo  a  curicat  of  the  at* 
mosphere  in  that  direeuou.  Tliac  this  cause  reaUj 
operates^  appears  from  a  circumsuoce  already  mcntioiu 
cd  :  Whea  the  sun  approticiics  either  of  the  tropics^  th6 
traot-wiod  on  the  same  side  of  the  equator  amupct  t 
more  easterljr  direction,  evidenUy  from  the  cause  here 
mentioned  i  wbiJe  the  opposite  trade-wind,  being  de^ 
prived  of  this  additional  impulse,  blows  in  a  direction 
more  per^eudicuUi  to  ti.e  eou^ioi  *• 

The  wesierjj  diicc  lun  of  the  uaUc- winds  is  still  far^ 
ther  increased  by  another  cause.  Since  the  attraction 
of  the  sun  and  moon  produces  so  remarkaole  an  effect 
upon  the  oceao,  \^'e  cannot  but  suppuse  thai  an  effect 
equaiij  great  at  least  is  produced  upoh  the  atmot»ph«:re^ 
Inaeed  as  the  atmosphere  is  nearer  the  moon  than  the 
tea  ia,  the  effect  produced  by  aitraction  upon  it  ought 
to  be  gieatcr,  Wheu  we  add  to  this  the  elasticity  of 
the  air,  or  that  dispoution  which  it  has  to  dilate  itself 
when  Irecc  iicm  ^^y  of  its  pressure,  we  cannot  bat 
conclude  that  tlie  tides  in  the  atmosphere  are  consider* 
able.  Now  since  the  apparent  diurnal  motion  of  the 
moon  is  Irom  east  to  west,  the  tides  must  follow  it  in. 
the  same  manner,  and  consequenily  produce  a  ^H?nrt^nt 
motion  in  the  atmosphere  from  east  to  wrstf. 
'  All  these  different  causes  probably  combine  in  the 
production  of  the  trade-winds  ^  and  from  their  being 


•  Thin  cauie  was  firit  auigDed  by  Dr  Halley  in  his  any  on  the  trade? 
winds ;  andit  certainly  by  Cu*  the  moit  powerfnl  of  all  tlie  agents. 

t  This  canse  was  firtt  assigned  by  D'Aktnbcrt  in  his 
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(ometimes  united,  and  sometimes  distinct  or  oppoBite,     ^^^p-  n. 

^ise    '^  '^—r  little  irregularities  which   take  place  in 

|be  t^  '  anci  force  of  the  trade-winds, 

'    Since  the  great  cause  of  these  winds  is  the  rarefactioo   why  thdr 

pi  the  atmosphere  by  the  heat  of  the  sun,  its  ascension, 

pnd  the   consequent  rushing   in  of  colder  air  from  the 

^orih   ind  south,  the  internal  boundary  of  the  trade- 

IHnds  must  be  that  parallel  of  the  torrid  zone  which  ii 

jbonest^, because  there  the  ascension  of  the  rarefied  air 

piust  take  place.      Now  sln^  the  sun  does  not  remain 

ptaiionary,  but  is  constantly  shifting  from  one  tropic  to 

pe  other,  we  ought  naturally  to  expect  that  this  boun* 

lary  would  vary  together  with  its  exciting  cause  ;  that 

jberefore  when  the  sun  is  perpendicular  to  ilie  tropic  of 

fcancer,  the  north*east  trade* winds  would  extend  no 

fbrther  south  than  north  latitude  23"5°  j  tliat  the  south* 

bst  wind  would  extend  as  far  north ;  and   that   when 

lie  sun  was  in  the  tropic  of  Capricorn,  the  v^y  con. 

nirj  would  take  place.     We  have  seen,  however,  thai 

pough  this  boundary  be  subject  to  considerable  changes 

torn  this  very  cause,  it  may  in  general  be  considered 

1$  fijced  between  the  second  and  fifth  degrees  of  north 

Ui  tilde. 

\  Though  the  sun  be  perpendicular  to  each  of  the  tro- 

Iic9  during  part  of  the  year,  he  is  for  one  half  of  it  at 

1^  conftiderabte  distance ;  so  that  the  beat  which  they 

Icqtitre  while  he  is  present  is  more  than  lost  during  his 

PHence.     But  the  sun  is  perpendicular  to  the  equator 

llpice  in  «  year,  and  never  farther  distant  from  it  than 

bf  ^:  being  therefore  twice  every  year  as  much  heated^ 

pd  never  so  much  cooled  as  the  tropics,  its  mean  beat 

lust  be  greater,  and  the  atmosphere  in  coosequence 

perallj  most  rarefied  at  that  place.     Why  tbeo^it  will 
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^^^  ^\  be  asked,  is  not  the  equator  the  boundarj  of  the  two 
trade-winds  i  To  speak  more  accurately  than  we  have 
hitherto  done,  the  internal  limit  of  these  winds  most  be 
that  parallel  where  the  mean  heat  of  the  earth  is  great. 
est.  This  would  be  the  equator,  were  it  not  for  a  rei- 
son  which  shall  now  be  explained. 

It  has  been  sh6wn  bj  astronomers,  that  the  orbit  of 
the  earth  is  an  ellipsis,  and  the  sun  is  placed  in  one 
of  the  foci.      Were  this  orbit  to  be  divided  into  two 
parts  by  a  straight  line  pflpendicular  to  the  transverse 
axis,  and  passing  through  the  centre  of  the  sun,  one  of 
these  parts  would  be  less  than  the  other,  and  the  earO, 
during  its  passage  through  this  smaller  part  of  its  dtiit^ 
would  constantly  be  nearer  the  sun  than  while  it  moved 
through  the  other  portion.     The  celerity  of  the  earth's 
motion  in  any  part  of  its  orbit  is  always  proportioned 
to  its  distance  from  the  sun  ;  the  nearer  it  is  to  the  soo, 
it  moves  the  faster ;   the  farther  distant,  the  slower. 
The  earth  passes  over  the  smaller  portion  of  its  orbit 
during  our  winter  ;   which  must  therefore  be  shorter 
than  our  summer,  both  on  account  of  this  part  of  the 
orbit  being  smaller  than  the  other,  and  on  account  of 
the  increased  celerity  of  the  earth's  motion.      The  dif. 
ference,  according  to  Cassini,  is  seven  days,  23  hours, 
and  53  minutes.     While  it  is  winter  in  the  northern,  it 
is  summer  in  the  southern  hemisphere ;  wherefore  the 
summer  in  the  southern  hemisphere  must  be  just  u 
much  shorter  than  the  winter  as  our  winter  is  shorter 
than  our  summer.      The  summer  in  the  northern  he- 
misphere consists  of  186  dajs  11  hours  and  37  minutes^ 
while  in  the  southern  it  is  only  178  days  18  hours  and 
II  minutes.      They  are  to  one  another  nearly  in  the 
proportion  of  15  to  14-3  ;  and  the  heat  of  the  two  bt^ 
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iTuspheres  roiy  probably  have  nearly  the  same  proportion  ^^f-  ^  , 
Id  one  ano^cr.  The  iuternallimit  of  the  trade>winds 
pyght  to  be  that  parallel  where  the  mean  heat  of  the 
ifiohc  is  greatest ;  this  would  be  the  equator^  if  both 
iiemispheres  were  equally  hot ;  but  since  tlie  northern 
hemisphere  is  the  hottest,  that  parallel  ought  to  be  si- 
Btaited  somewhere  in  it  j  and  since  the  difference  be* 
Ewcen  the  heat  of  the  two  hemispheres  is  not  great,  tbe 
parallel  onght  not  be  far  distant  from  the  equator. 
I  The  trade- wind  would  blow  regularly  round  the 
Lrhole  globe  if  the  torrid  zone  were  all  covered  with  tkt  moa- 
mlcr-  If  the  Indian  Ocean  were  not  bounded  by  land  '^^'^ 
ihe  north,  it  would  blow  there  in  the  same  manner 
it  does  in  the  Atlantic  and  Pacific  Oceans*  Land  16 
lUch  more  opaque  than  water ;  it  becomes  therefore 
uch  warmer  when  both  are  equally  exposed  to  the  in- 
acnce  of  the  sui3.  For  this  reason,  when  the  sun  ap. 
oaches  the  tropic  of  Cancer,  India,  China,  and  the 
[jacent  countriesi  become  much  hotter  than  the  ocean 
hich  wkshes  their  southern  coasts^  The  air  over 
ilUiem  becomes  rarefied  and  ascends,  while  colder  air 
pi&bes  in  from  the  Indian  Ocean  to  supply  its  place. 
IAj  this  current  of  air  moves  from  the  equator  north- 
iward,  it  must,  for  a  reason  already  explained,  assume 
"*  appearance  of  a  south-west  wind  ;  and  this  tenden- 
CEslward  is  increased  by  the  situation  of  the  coan- 
s  to  which  It  flows.  This  is  the  cause  of  the  souths 
est  monsoon,  which  blows  during  summer  in  the 
orthem  parts  of  the  Indian  ocean.  fietween  Borneo 
Lnd  the  coast  of  China  its  direction  is  almost  due  north, 
pccausc  tbe  counuy  to  which  the  current  is  directed 
lies  rather  to  the  west  of  north  ;  a  circumstance  whtch 
Bounteracts  its  greater  velocity. 
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In  winter^  when  the  sun  is  on  the  south  side  of  the 
equator,  these  countries  become  cool»  and  the  iiortll««iit 
iTftde^wind  resumes  its  course^  which  h«d  it  not  been 
for  the  interference  of  these  countries^  wonid  have  coo- 
tin  tied  the  whole  year. 

As  the  sun  approaches  the  tropic  of  CApricorn,  ie 
becomes  almost  perpendicular  to  New  Holland :  thit 
continent  is  heated  in  its  turny  the  aiv  over  it  is  rarefied^ 
and  colder  air  rushes  in  from  the  north  and  west  to  sup* 
ply  its  place.  This  it  4hm  cause  of  the  north- west 
monsoon^  which  blows  from  October  to  April  from  the 
Sd  to  the  lOth  degree  of  south-latitude.  Near  S<illli> 
tra  its  direction  is  regulated  by  the  coast :  this  ti  iIk 
case  also  between  Africa  and  Madagascar. 

The  same  cause  which  occasions  the  monsoons  gtfsi 
rise  to  the  winds  which  blow  on  the  west  coasts  of  A* 
frica  and  America^  The  air  above  the  land  is  hotter 
and  rarer,  and  consequently  lighter,  than  the  air  Aom 
the  sea  ;  the  sea  air  therefore  flows  in,  and  forces  the 
lighter  land  atmosphere  to  ascend. 

The  same  thing  will  account  for  the  phenomena  of 
the  sea  and  land  breezes.  Dunng  the  day,  the  cool  air 
of  the  sea,  loaded  with  vapours^  flows  in  upon  the  laod« 
and  takes  the  place  of  the  rarefied  land  air.  Ai  ihe 
sun  declines  the  rarefaction  of  the  land  air  is  dinsipislw 
ed  :  thus  an  equilibrium  is  restored.  As  the  tern  it  not 
so  much  heated  during  the  day  as  the  land,  neither  ii  it 
so  much  cooled  during  the  night;  because  it  is  constant** 
ly  exposing  a  new  surface  to  the  atmosphere.  As  the 
eight  approaches,  therefore,  the  cooler  and  denser  air 
of  the  hills  (for  where  there  are  no  hills  there  are  no 
sea  and  land  breezes)  falls  down  upon  the  plains^  aikdt 


presiing  upon  the  now  comparativelj  lighter  air  of  the     CKip.  ir. 
SC8y  ciuses  the  land-breeic.  ' 

The  rarefied  air  which  ascends  between  the  second 
and  fiflh  degrees  of  north  latitude  has  been  shown  to  be 
the  principal  cause  of  the  trade-winds.  As  this  air  as* 
ccnds  it  must  become  gradually  colder  and  consequent- 
Ijr  heavier  i  it  would  therefore  descend  again  if  it  were 
not  buojed  up  by  the  constant  ascent  of  new  rarefied 
air.  It  must  therefore  spread  itself  to  the  north  and 
lauth,  and  gradually  mix  in  its  passage  with  the  lower 
ms  i  and  the  greater  part  of  it  probably  does  not  reach 
far  beyond  the  30**,  which  is  the  external  limit  of  the 
lrade*i%ind«  Thus  there  is  a  constant  circulation  of  the 
atmoaphere  in  the  torrid  lone  i  it  ascends  near  the  equa-- 
lor^  diffuses  itself  towards  the  north  and  south,  descends 
gradually  as  it  approaches  the  ^0^,  and  returning  again 
towards  the  equator  performs  the  same  circuit. 

If  the  attraction  of  the  mooa  and  the  diurnal  motion  CaiKecf 
of  the  sun  have  any  effect  upon  the  atmospherci  and  ^]ji^ 
tiiat  they  have  some  effect  can  hardly  bedisputed»  there 
must  be  a  real  motion  of  the  air  westwards  within  the 
limits  of  the  trade-winds.  The  consequence  of  this 
westerly  current  is  an  easterly  current  on  its  north  and 
sooth  side,  as  has  been  demonstrated  by  D*Alembert. 
Hence  the  frequency  of  south-west  winds  over  the  At- 
lantic Ocean  and  the  western  parts  of  Europe. 

Mr  Kirwan  has  rendered  it  probable  that  the  frequeo* 
cy  of  south-west  winds  in  our  latitudes,  at  least  during 
wiotcTp  i$  owing  to  an  opposite  current^  which  blows  ia 
the  eastern  paris  of  our  hemisphere,  between  the  coast 
cf  Malabar  and  the  Moluccas  during  the  same  season* 
This  northern  wind  must  be  supplied  from  countries 
•tiU  farther  north  to  the  pole,  which  must  be  recruited 
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^^^  *•  ,   in  its  turn  from  the  countries  to  the  south  of  it  in 
western  parts  of  our  hemisphere*. 

Our  theory  of  the  variable  winds  is  still  too  iinper« 
feet  to  attempt  any  thing  like  a  satisfactory  explanation 
of  them*  They  evidently  stamp  the  nature  of  every 
climate^  and  therefore  depend  upon  causes  which  act 
with  uniformity,  notwithstanding  all  their  apparent  ir- 
regularity. They  arc  all  tntimatcly  connected  with 
each  othcff  and  probably  succeed  each  other  in  a  eer* 
tain  order,  though  that  order  has  not  hitherto  been  ob- 
served. All  that  can  be  done  at  present  is  to  offer  a 
few  unconnected  remarks. 

Winds  appear  usually  to  begin  at  that  point  towards 
which  they  blow  +.  They  must  therefore  be  owing  to 
a  rarefaction  or  displacing  of  the  air  in  some  particultr 
quarter^  either  by  the  action  of  heat  or  some  other  cause. 
This  is  more  particularly  the  case  when  the  wind  blows 
with  violence.  Hurricanes  are  uniformly  preceded  bj 
a  great  fall  of  the  barometer  :  and  the  wind  often 
in  every  direction  towards  the  place  where  the  bare 
ter  stands  so  low.  One  would  be  tempted  in  this  ea^ 
to  suppose  the  sudden  decomposition  of  a  portion  of  the 
atmosphere.  Strong  north*east  winds  have  been  re- 
peatedly observed  beginning  at  the  quarter  towanb 
which  they  flow.  In  1140  Dr  Franklin  was  prevented 
from  observing  an  eclipse  of  the  moon  at  Philadelphia 
by  a  north-cast  storm^  which  came  on  about  seven 
o^clock  in  the  evening.  He  was  surprised  to  find  tfier- 
wards  that  it  had  not  come  on  at  Boston  till  near  1 1 
o'clock  :  and  upon  comparing  all  the  accounts  which  he 
received  from  the  several  colonies  of  Uhe  beginni 
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r.Morma  of  iht  sfitnc  ktud^  he  found  h  to 
ifwilTS  in  bout  Utifr  U)<*  fafther  norlh-^ea$t  for  evcfjr 
|oa  miles.  i 

"  Ffom  hmcc  (lajr^  he)  I  formed  aa  idea  of  ibc 

Durseof  ihe  ^wim,  whicH)  I  will  expltila  by  a  famiiiar 

c&stmnce.     I  suppose  a  long  cajul  of  water  stopped  u 

end  by  a  gate*     Tlie  watei;  ii  ai  test  liU  the  gate  b 

Docd  ;   theu  it  btgias  la  mov<e  out  through  the  gate, 

nd  the  water  next  ilie  gitc  ivirsl  in  motion,  aod  tnoYVS 

towards  the  gate  ;  and  w  on  succesaitdyi   till  the 

rater  at  the  head  of  the  caijal  is  in  tnotion,  whi^h  ilia 

it  of  all.      In  ihia  case  all,  the  ^viatet  movea  iadeed 

»«paidt  Ifae  gate  i  i>tif  tSie  Mif ccsuve  times  of  begimirng 

b(e  motioti  arc  in  the  cpmrary:wayy  viz..  from  the  gate 

idc  to  the  ticad  of  ilv  cauaL     Thui;  toprbducea 

.east  atornif  I  suppose  Hmc  great  ^arc Eabtioti  4|f 

air  in  or  near  tJie  Gulf  of  Mexico  ;  the  aar  rknug 

I  liaa  its  place  supplied  by  the  next  more  ocirthernf 

n   and  tbcrefckre  denser  add  hcuvior  atri  a  Hti>* 

ai^a  eurreni  »  formed^  tdwhicli/Ofir  jOo^  attdiirb^ 

ad  mounttins  give  anordi««»9t  riirection^'^'*  ,.      f    . 

atmilaf  storm  was  observed  Uy  Dr  Mui:I»€Ui  in 

)fc  \  Ithisg^n  at  Charleuowaon  the  2 lit  ]?cbcuarjri 

}  4fro^^elock  to  the  aft€!rnooii ;  at  Was^iiogtoiij  n^hic^ 

le^eral  hucuired  miles  ^  the  tiorth*«!ikM»  it  iva$  aot 

ved  till  fivf  o'clock  ;  at  New  York  it  began  at 

m  file  ereniug;  and  at  Albaoy  aot  lill  day^lMak 

the  J2£d.  its  motion,  from  this  statement^  w^i  IgQO 

lilea  in  li  hours,  or  l6o  mile*  in  the  hourf. 


Ch^tL< 
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.  retnarleablc  storm  of  the  same  kind,  and  accoorpi* 
Ried  bjf  an  easterljr  wind,  was  observed  iii  ScoUaod  ofi 
the  ath  of  February  1 709.  It  was  attended  by  a  veiy 
heavy  fall  of  snow,  and  the  motion  of  the  wind  wai 
much  slower.  At  Fulktrk  it  began  to  snow  at  six  iatk 
evening  of  the  7th  ^  at  Edinburgh  at  aboat  one  o^clock  m 
the  morning  of  the  fith  ^  and  at  Dunbar  at  eight  oVlod 
in  the  morning*  It  lasted  ii  hours^  and  did  not  tra» 
vel  above  100  miles  during  that  time* 

The  north-east  wind  blows  most  frequently  witinw 
during  the  spring  months  i  and  from  tbe  obsenrteom 
made  by  Captain  Cooke,  it  appears  that  the  samenrtal 
prevails  during  the  same  period  in  tbe  Northeni  Pid* 
fie*  Hence  it  appears  that  at  that  season  the  odd  air 
irom  the  north  of  Europe  and  Araeriea  flows  intoibe 
Atlantic  and  Pacific.  Hence  the  reason  of  its  tmcom- 
fDon  coldness,  dryness,  and  density* 

It  is  very  common  to  observe  one  current  of  air  blo«« 
ing  at  the  surface  of  the  earth,  while  a  current  Qows  ia 
m  contrary  direction  in  the  higher  strata  of  the  atnio* 
sphere*  On  one  occasion  I  even  obf^crved  three  soch 
winds  blowing  in  contrary  directions  all  at  the  sainc 
time.  It  is  affirmed  that  changes  of  weather  geoeralfy 
begin  in  the  upper  strata  of  the  air ;  the  wind  which 
blows  there  gradually  extending  itself  to  the  surface oC 
the  earth  ^. 

Besides  these  more  general  winds,  there  are  others 
which  extend  only  over  a  very  small  part  of  tbe  earth. 
These  originate  from  many  different  causes*  Tbe  at- 
mosphere is  composed  of  three  different  substances,  alr| 


•  Ptf him  lod  (#€iitiI.»Kjnnn»  IrkS  T^wna  viii,  404. 
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^kpoUfy  ftod  carbonic  icid ;  to  which  may  be  added  wa-  .  ^^^i^  ^. 
Grc«t  quantities  of  each  of  these  ingredients  are 
itljr  changtTig  their  aerial  form,  and  combining 
liith  various  sobarances  \  or  thcj  are  separating  from 
ilher  bodies,  assuming  the  form  of  air,  and  mixing 
Irith  the  atmosphere.  Partial  voidsp  therefore^  and  par- 
tial acctimulationSf  must  be  continually  taking  place  in 
iiSerent  parts  of  the  atmosphere^  which  will  occasion 
irmda  varying  in  direction,  violeuoey  and  continuance^ 
cording  to  the  suddenness  and  the  quantity  of  air  de- 
KToyed  or  produted.  Besides  these  there  arc  many 
Iher  ingredients  constantly  cnixing  with  the  atmo* 
I|i3iere»  and  many  partial  causes  of  condensation  and  ra* 
faction  in  particular  places.  To  these^  and  other  cau- 
t  probably  hitherto  unknown,  are  to  be  ascribed  all 
Hiose  winds  which  blow  in  any  place  besides  the  gene*- 
Id  ones  already  explained  }  and  whic^i  as  they  depend 
n  causes  hitherto  at  least  reckoned  contingent,  will 
ifobably  for  ever  prevent  uniformity  and  regularity  iR 
winds*  Ail  these  causes,  however,  may,  and  pro- 
bly  will,  be  discovered  {  the  circumstances  in  which 
Ibey  will  take  place,  and  the  effects  which  they  will  pro* 
,  may  t>e  known  ;  and  whenever  this  is  the  case^ 
winds  of  any  place  may  in  some  measure  be  rcdu* 
10  calculation. 


SECT.  V. 

OF   ATMOSPH^RICAX*   KLECtUBlTr. 


Lot  is  one  of  those  bodies  which  have  received  the 
of  tUctric,  because  they  are  capable  of  being  po« 

H2 


Viti  MEtEMtOtOOt. 

&)oki.  ftitiTdj^  DC  oflgatively  chftif^ed  with  ekctrtc  matter*  If 
aol  ooljrboiitains  thai  pMttaa  of  dectricttj  wbiclLseeiM 
neoesttrj  to  thcooottitntioii  of  all  tcrfeslrial  bodice 
but  itia  lttUe«lflo  to  be  charged  Qegativolj  or  p^ 
tiTeljivben  dectfficitjr  :ia  abstracted  or  introduced  bjr 
aeaoiofcoDdiictfiog-bbdiea..  These diftnnlilatoiJBlifit 
MctMtt  %  vanfcty  of  .'pbeosoitaa,  tod  ia  mll^irobihifitir 
contribute' verjrcdRsi^erabljr  to  the:  various  cotobiiia- 
(ioBs  and  deibmpnsitioos.wjiidi  art  oontiaiudlj  gomf 
oa  tin  air.  The  elrctr]Galst«te:of  the  ataao^ere,  thea, 
ijft arpointof  considerdble  JoipefttaruBe,  and  has  withgml 
proprie^  occupied  the  attdalioa  of.  philosQphers  :cvef 
since  Br  Franklin  deoDenstralM  that  tboodar  Uocte- 
ssaoed  bj  the  agency  of  eltotricitj.  .  :  ;  .  i 
£lectricit7  1  n  tv  The  ^mofet  coaiplete  set'of  obserratioos  oD  the  c- 
^hcre.  -Im^^^Qv  ^  ^  aisBosphere  were  made  bj  FrofesM 
Baoostria  o€  Turih^  Be  found  tke  air.^nott  alw<]rt 
l^tiTclj'ieleotritaly;  «ipff ially  in  tlte  ds^-tiaie  aad  ia 
4fy  tvchlbet.!>.Whaa  diMrk  or  vat  weather  dMnaiv 
^e^  dkctgbttjr  is  .alwajrd  ofgative.  I^^it  thick  fogs  ri» 
i*ia|p^i\t6  dqr  air  carrj  ap  a  great  deail  of,  elactcic  aut- 
•Jar*  .1    •   ^ 

,  .1^  la  the  moroiag,  wbca  the  hjgtdiieter  ia^caies 
4f7SK9Su  equal  to  that  of  tha  preceding  day,  poeilife 
electricity  obtains  even  before  sunrise*  At  tba  laa 
gets  up,  this-  electricity  increases  more  remarkably  if 
-  the  dryness  increases.  It  diminishes  in  the  evening* 
'3.  The  mid-day  electricity  of  days  equally  dry  i» 
proportional  to  the  heat. 

.  4.  Winds  always  kssea  the  electricity  of  f  dear  day^ 
^specially  if  damp. 

%  for  jtbe  most  part,  whan  there  as  a  dear  dcj  and 
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|nttte  mhdf  n  considerable  electricity  arises  after  sdnset 
at  dew  filling, 

6.  Considerable  light  has  been  thrown  upon  the 
lources  of  itmospherical  electricity  by  the  exptriincnw* 
©f  Sititsure  and  other  philosophers.  Air  U  not  only 
elearified  by  friction  like  other  electric  bodie%  b«r  the 
Itate  of  its  electricity  is  changed  by  variotis  chemical 
bperaiions  which  often  go  <m  in  the  atmosphete.  Eva. 
poration  seenis  in  all  cases  to  cofrvey  clcctrie  matter  In- 
to the  atfDOfphere  ;  and  Saus5^ure  I  as  a!icertained^  th»*t 
(he  quantity  of  electricity  is  much  increased  when  w^ 
ler  1$  decomposed^  as  when  water  is  dropt  on  a  red  lior 
iron.  On  the  other  haud^  t^hen  steam  is  condensed  info 
rrsicular  vapour,  or  into  water,  the  air  becomes  nega* 
jvcly  electric.  Hence  it  would  seem  that  electricity 
BOters  as  a  component  part  icto  water  ;  that  it  separates 
when  water  is  decomposed  or  expanded  into  <leamp  flt»i 
is  reunited  when  the  «^team  is  condensed  again  into  wi- 

Fariher,  Mr  Cantoti  has  ascei  fuJned  that  dry  atr, 
■Then  heated,  becomes  negatively  electric,  and  positive 
Hrlien  cooled^  even  when  tt  is  not  p^^rmitted  to  expand 
pt  contract :  and  the  expansion  and  contraciion  at  ait 
ilio  occasion  changes  in  its  electric  state. 

Thus  there  are  four  ^nr^esi  of  ainjo<jpheric  electri-   St/urcciot 
eSiy  known  :    l.  Friction;  2»  Evaporation;    s*  Htat  *** 
md  cold  ;  4,  Expansion  and  contraction;  not  lo  men* 
tion  the  electricity  evolved  by  the  nfi«lting>  frecxiof, 
glutton,  &c,  of  various  bodies  iu  contact  with  air. 
'    7*  At  *  Han  electric,  the  nrk»tt«r  of  cleciricity,   Cgincquco^J 
rTien  accumulated  in  any  particul^  strata,  will  not  im- 
lediately  make  its  way  to  the  neighbouring  strata,  bui 
111  trdute  tn  thrm  changes  sioitlai'  x^  what  i^  iudti^ 


Ocravont  a 
kind  of 
combustion 
in  air. 


c^  upon  phtes  af  glass  or  similar  bodies  ptle4 
each  other.     Therefore  if  a  stratum  of  air  be  electrified 
poftitivelj,  (he  stratum  immediatelj  above  it  will  be 
negatiye,  the  stratum  above  that  positlvei  and  so  m* 
Suppose  now  that  an  imperfect  conductor  were  to  cora^^ 
into  eontact  with  each  of  these  strata^  we  koow,  from  th^| 
prmciples  of  electricity^  that  the  equilibrium  would  be 
restored,  and  that   this  would   be  attended  with  a  Ictid 
noisei  and  with  a  flash  of  light-     Clouds  which  coniitt 
of  vesicular  vapours  mixed  with  particles  of  air  are 
imperfect  cooductors  ;  if  a  cloud  therefore  come  int<|^ 
contact   with  two  such  strata^  a  thunder-clap  woul4^^ 
follow.      If  a  positive   stratum  be   situated  near  the 
earth,  the  intervention  of  a  cloud  will,  bj  serving  as  a 
stepping  stone^  bring  the  stratum   within  the  striking 
distance,  and  ^  thunder*clap  will  be  heard   while  the 
electrical  fluid  is  discharging  itself  into  the  earth*    U 
the  stratum  be  negative,  the  contrary  effects  will  take 
place.      It  does  not  appear,  however,  that  thunder 
often  occasioned  by  a  discharge  of  electric  matter  froio] 
t^e  earth  into  the  atmosphere.     The  accidents,  moi|t  < 
them  at  least,  wliich  were  formerly  ascribed  to  thti 
cause,  are  now  much  more  satisfactorily  accounted  h 
by  Lord  Stanhope's   Thtorj  of  the  Ritmming  St 
^either  does  it  appear  that  electricity  is  often  discha 
ged  inb  the  earthy  as  the  effects  of  few  thunder- 
are  visible  upon  the  earth ;    tliat  it  is  so  sofl 
however,  is  certain  • 

But  it  is  not  the  province  of  chemistry  to  examine  in 
detail  the  phenomena  of  thunder  ;  that  task  must  be 
signed  to  the  electrical  philosopher.     Thbre  is  one 
mark,  however,  which  cannot  be  omitted  ;  it  it  tliL 
that,  during  tvtij  discbarge  of  electricity,  whether  ita« 
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'arSffml,  thraogh  air,  some  change  similar  to 
stion  undotibtedlj  takes  place.      The  light  and 
iar  smell  with  which  all  electrical  discbarges 
compaDicd  demonstrate  this ;  for  no  light  is  per* 
when  electricitj  is  discharged  in  a  vacuum, 
^ihe  change  is  which  electricitj  pioduccs  in  air, 
it  produces  it,  arc  questions  which,  in  the  pre- 
Ite  of  our  knowledge^  are  altogether  insoluble, 
very  cxlraordinafj  galvanic  phenomena  which 
nt  occupy  the  attention  of  philosophers,  pro* 
Dt  only  to  throw  light  upop  this  important  sub- 
it  to  demonstrate  a  much  closer  connection  be^ 
^chemistry  and  eltctriciiy  tjian  has  hiihcno  been 
ed. 


SECT.  VI. 


5T0HES  WHICH  FALL  FROM  THE  ATMOSPHERE* 


^G  can  be  a  more  complete  proof  of  the  im* 
state  of  the  sciena^  of  Meteorology,  than  the 
ty  of  facts,  for  which  not  even  a  conjectural 
the  smallest  degree  probable  can  be  assigned* 
Dus  bodies  called  mtUort^firt-haUs^  &c*  have  in 
ges  been  observed  in  the  atmosphere,  and  many  of 
\  have  been  described  by  eye* witnesses.  One  of  Hi«Qfy, 
Host  remarkable  of  these  was  the  meteor  which  ap- 
,  in  1783.  It  was  very  luminous,  and  its  dia* 
Duld  not  be  less  than  1000  yards.  It  traversed 
X^bA  m  coasiderabk  part  of  the  continent  of  £u» 
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Book  T.  rope  with  vmy  greit  velocity,  and  «t  the  height  of  ■etf- 
ly  00  miles  from  the  sorftce  of  the  earth  *.  Almost 
all  the  meteors  observed  resembled  each  other.  They 
were  laminous,  at  a  great  height,  moved  very  swiftly, 
and  disappeared  in  a  very  ihort  time.  Their  disappear- 
ance  was  usnally  accompanied  by  a  loud  explosion  like  a 
clap  of  thunder ;  and  it  was  almost  constantly  affirmed, 
that  heavy  stony  bodies  fell  from  thetn  to  the  earth.  Bm 
though  several  well  authenticated  accounts  of  the  fdlef 
such  stones  had  been  from  time  to  time  published,  lit- 
tle credit  was  given  to  them  ;  nor  did  they  indeed  attract 
the  attention  of  philosophers,  till  Dr  Chladni  pnbKih- 
ed  a  dissertation  on  the  subject  in  1794.  Two  yean 
after  Mr  King  published  a  still  more  complete  collection 
of  examples,  both  ancient  and  modern  ;  many  of  them 
supported  by  such  evidence  that  it  was  impossible  to 
reject  it.  These  two  dissertations  excited  considerable 
attention  :  but  the  opinion,  that  stones  had  really  fallen 
from  the  atmosphere,  was  considered  as  so  extraordina- 
ry, and  so  contrary  to  what  wc  know  of  the  constitu- 
tion of  the  air,  that  most  people  hesitated  or  refuted 
their  assent.  Meanwhile  Mr  Howard  took  a  different 
method  ot  investigating  the  subject.  He  not  only  col- 
lected all  the  recent  and  well  authenticated  accounts  of 
the  fall  of  stony  bodies,  and  examined  the  evidence  of 
their' truth,  but  procured  specimens  of  the  stones  which 
were  sard  to  have  fi^len  in  different  places,  compared 
them  together,  and  subjected  them  to  a  chemical  ana- 
lysis. l*he  result  was,  that  all  these  stony  bodies  dif- 
fer completely  from  every  other  known  stone;  that  they 
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bli  etch  other,  and  ihat  tliey  are  all  composed  Chip  it 
ame  ingredients^  His  dissertation  on  the  sub* 
iblished  in  the  Philosophical  Transactions 
be  proofs  which  thiv  admirable  disserta* 
3m,  that  the  stony  bodies  in  question  really 
the  atmosphere^,  are  ijuite  irresUtible.  Indeed 
crnal  characters  and  chemical  analysis  would 
tide  the  point:  For  it  is^uiie  inconceivable  that 
England,  France,  Germany,  and  Italy,  in  cli* 
nd  m  soils  exceedingly  different  from  each  other, 
tiould  have  been  pointed  outi^hich  difleredfrooi 
'other  mineral  in  the  countries  u here  they  were 
^  and  which  exactly  resembled  one  another,  pto- 
these  had  not  had  the  same  origin«  The  chemi* 
l^rii  of  Howard  was  soon  after  repeated  and  ve- 
B  Vauquelin  *  and  Klaprothf.  « 

Blost  of  the  itones  which  have  fallen  from  the  aU 
here  have  been  preceded  by  the  appearance  of  lu- 
H bodies  or  meteors.  These  meteors  burst  with 
Ptosion,  and  tKen  the  shower  of  stones  falls  tp  the 
Sometimes  the  stones  continue  iumioDUs  till 
into  the  earth  ;  but  most  eommonly  their  lu- 
less  dissippcars  at  the  time  of  the  explosion, 
neteors  move  in  a  direction  nearly  horizontal, 
seem  to  approach  the  earth  before  ihey  ex- 
The  following  Table,  drawn  up  by  Mr  Izam, 
t  a  collection  of  the  best  authenticated  iiist<inces 
lling  of  stones  from  the  atmosphere  hitherto 
together  with  the  time  when  they  fell,  and 
i>ii  whose  evidence  the  fact  icsu  J. 


Table  of  _, 
the  best  aiH 
tl'.cmicKtcil 

the  i4l  «f 
iCQne%   I 


rCWw.  «lv.  aaj.       f  PHI,  Mitg.  »♦.  *8i.       t  Ibid,  iv;.  i^t. 


122 


MSTSOHOLOGT. 


5i 


ho  •*•  ' • •  I  • t  •    I  • ,  .•     I       ,   . ' 

.^.•3     S      •  •  ..... 

ill  i^  •-  •"•  -     -^-^-^'  '-^v 

•r  -a  «  I  tJ  U  r^ 


51 
I 


I'.nt-  is 


at 


^i|5^illii-|klllj||i 


<-fi^-s. 


-   -E  ^  o  i  S  - 


^z 


t  •  •  •  •    ^ 


o 


.1 


o 


II 

c  o 


.a  '  '     ^  HA     '"5  • " 


i§§ll§illi|iillhl| 


^9rOVt  lOBIEf. 


123 


Their  com* 
position* 


t*  Tbe  stonj  bodies  when  found  are  always  hot*  Chap.  ir. 
•They  commonly  bury  themselves  some  deptli  under  iiojciutu- 
ground.  Their  siie  differs  from  a  few  ounces  to  scvc-  jJJ^  ^SI'^'' 
ral  tons*  They  are  usually  roundish^  and  always  cover-  ^^fk  cniie. 
ed  With  a  black  crust.  In  many  cases  they  smell  strong- 
ly of  sulphur.  The  black  crust,  from  the  analysis  of 
Howard^  consists  chiefly  of  oxide  of  iron. 

3.  The  outer  surface  of  these  stones  is  rough.  When 
broken,  they  appear  of  an  ash-grey  colour,  and  of  a 
granular  texture  likeacoarse  sandstone.  When  examined 
with  a  microscope,  four  difl*ercnt  substances  may  be  dis- 
covered of  which  the  stone  is  composed:  ist,  A  number 
of  spherical  bodies,  varying  in  sixe  from  a  pin- head  to 
A  pea  of  a  greyish-brown  colour,  opaque,  breaking  (easi- 
ly in  every  direction,  of  a  compact  texture,  capable  of 
scrmtdiing  glass,  and  of  giving  a  tew  feeble  sparks  with 
steel.  2d,  Fragments  of  pyrites  of  an  indeterminate 
^ape,  of  a  reddish-yellow  colour,  granul  ir,  and  easily 
reduced  to  powder.  The  powder  has  a  black  colour. 
5d,  Grains  of  iron  In  the  metallic  state,  scattered  like 
the  pyrites  through  the  stone.  4tb,  The  three  sub- 
stjmces  just  mentioned  are  cemented  together  by  a  fourth 
of  an  earthy  consistence,  and  so  soft  that  all  the  other 
substances  may  be  easily  separated  by  the  point  of  t 
knife  or  the  nail,  and  the  stone  itself  crumbled  to  pieces 
between  the  fingers^  This  cement  is  of  a  grey  colour  *« 
The  proportion  and  size  of  these  different  constituents 
va^  considerably  in  di^trent  specimens;  but  all  of 
them  bear  a  striking  resemblance  to  each  other.  Their 
ipcci&c  gravity  varies  from  3'352  to  4*281  f. 


•  Boonioa,  Fitil*  Trms,  t%0%^ 
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^ook  7.  4.  Ffbm  the  analysis  of  Howard,  which  was  cenducU 
Their  cho*  ^^  With  much  precision  and  address,  and  which  has  been 
mi^anv  f^ny  confinned  by  Vauquelin  and  Klaprcth,  we  Icar* 
that  the  black  crust  consists  of  a  compound  of  iron  and 
hickeiy  partly  metallic^  and  partly  oxidized.  The  pyri- 
tes consist  of  iron,  nickel,  and  sulphur.  The  metallic 
grains  consist  of  iron,  combined  with  about  yd  of  its 
weight  of  nickel,  and  the  yellow  globules  are  composed 
of  silica,  magnesia,  iron,  and  nickel.  The  Count  Boor- 
non  observes,  that  these  globules  resemble  the  chryso- 
lite of  Werner,  and  that  their  chemical  analysts  corre- 
sponds exactly  with  Klaproth's  analysisof  that  mineral. 
The  earthy  cement  consists  of  the  very  sane  tabstan. 
ces,  and  nearly  in  the  same  proportions  as  the  globolat 
substances.  But  it  will  be  necessary  to  exhibit  a  tpeci- 
men  of  some  of  the  anal>  ses^  as  published  by  the  philo- 
sophers to  whom  we  are  indebted  for  them.  A  stone 
which  fell  at  Benares  in  India  was  analysed  by  Howanl. 
The  pyrites  consisted  of 

2'0  sulphur 
10'5  iron 
1*0  nickel 
2*0  earths  and  foreigfi  bodies 


15-5 

The  spherical  bodies  50*0  silica 

15*0  magnesia 
34*0  oxide  of  iron 
2*5  oxide  of  nickel 

101*5 


fhf  car^y  cement  4S'0  silica 

34  0  f^xidc  of  iroii 
2' 5  oxide  of  nickel 


102*^ 


A  stone  wlrfci  fell  fn  ToitshJrei  deprived  as  mach 
jis  ]>p#&ible  of  its  metallic  pa  it  ides,  gave  Mr  Howar<l 

l^nini  150  graiaso TScti^jps  j 

37  "magncira  * 
48^xt4e  of  iron 
2  oxide  of  nickel 


ln2 

Tile  uicre&ie  of  weight  was  owitig  to  the  oxifUzeinciil 
ml  tbc  toeuUic  bodies 

Stones  which  fell  at  Lttigle  in  France  in  180  j  jicU* 
«dt  by  (Me  tinalTsea  of  Vauqitclixi  and  Eourcro^, 
54  8ilicii 

Se  oxide  of  iron  r  Midif 

9  magnesia  V^ 

S  oxide  of  nick  ff 
2  i\ilphor 
1  lime  *llb 

105* 

The  following  Table  exhibits  the  result  of  the  most 
larkable  acaljrses  of  such  stonei^  which  have  beeo 
^Tnade  since  the  publication  of  Howard *s  paper  on  the 

subject- 


•  PMi.  M^.  wL,^oa- 


IM 


HtrtonotoGt, 


nwJkh 


^*  ' 

+ 

t 

11      ' 

■f 

Iron  *••«••«. 
Nickel 

2-4 

2*25 
0-50 

19-0 
15 

38-3 
0*33 

?  llio^i 

Oxidr  of  iron  ,  . 

30*0 

25*00 

10*5 

5      ' 

Sulphuret  of  iron 

12 

Sulphur 

3*5 

Trace 

Trace 

9*00 

Silica 

5(J'0 

44*00 

3T0 

34*00 

Magnesia  *  *  *  * , 

12-0 

22*50 

21-5 

14*50  1 

OH 

Lime 

1-4 

Trace 

Manganese.  .  .  * 

0*25'              1 

0*6? 

Canjectujrci 


5.  The  experiments  of  Howard,  thus  confirmed  by 
others,  and  supported  bj  the  most  respectable  htstori* 
caJ  evidence,  having  demonstrated  that  these  stonj  bo- 
dies really  do  fall  from   the  heaven^  it  was  natural  to 
ftxpect  that  various  attempts  would  be  made  to  aecoufit 
for  their  appearance.     But  such  is  the  obscurity  of  the 
subjectp  so  little  progress  have  we  made  in  the   science 
of  meteorology,  that  no  opinion  in  the  Uigbiest  degree 
probable  has  hitherto  been  advanced*     It  was  first  sup« 
posed  that  the  bodies  in  question  liad  been  thrown  otlt 
0f«Tol canoes ;  but  the  immense  distance  from  all  volca* 
noes  at  which  they  have  been  found,  and  the  absence 
of  all  similar  stones  from  volcanic  productions,  reader 
this  opinion  untenable.     Chladni  endeavoured  to  ptxive 
that  the  meteors  from  which  they  fell  were  bodies  flo»l* 


«  VinqDcliO,  Piil.  Mt^,  svi.  jos.     The  itoae  lell  U 

t  Kkproth^  Cchkn*!  /oar.  i.  S.    The  none  fell  »e  Siroa  tn  1794. 
I  Kbproth,  tbid*  p.  11.    The  itone  £tll  it  AuchitivdtKhcn  in  Gentiaiij. 
H  Lmigkr^  IbkL  tw*  551.    Th«  ttODe  fell  at  Vauclti^  ia  1804..    See  a 
4cacripttuD  of  it  by  Vsuquclio,  Ahm,  i*  Ckim,  xltiH.  SS5. 
I  FroQitf  /MTt  4t  Fkyi,  li.  1I5.    Th«  Setae  fell  at  Srgoia  ia  i}^2* 
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ing  to  %fxct,  unconnected  with  an/  plsncUry  system^ 
attracted  by  the  earth  io  their  progress,  and  kindled  by 
their  rapid  motion  through  the  atmosphere.  But  this 
opinion  is  not  susceptible  of  any  direct  evidence^  and 
can  scarcely  be  believed^  one  nrould  think,  even  by  Dr 
Chladoi  himself.  Laplace  suggests  the  probability  of 
their  having  been  thrown  off  by  the  volcanoes  of  the 
moon:  But  the  meteors  which  almost  always  accompa* 
nj  them»  and  the  swiftness  of  their  horizontal  motion^ 
militate  too  strongly  against  this  opinion.  The  great- 
er number  of  philosophers  consider  them,  with  Mr  King 
and  Sir  William  Hamilton,  as  concretions  actually  form- 
ed in  the  atmosphere.  This  opinion  is  undoutedly  the 
most  probable  of  all ;  but  in  the  present  state  of  our 
knowledge,  it  would  be  absurd  to  attempt  any  explana- 
tion of  the  manner  in  which  they  are  formed.  The 
masses  of  native  iron  found  in  South  America,  in  Si* 
bcrit^  and  near  Agnam,  contain  nickel,  as  has  been  as* 
certaincd  by  Proust,  Howard,  and  Klaproth,  and  resem- 
ble exactly  the  iron  found  in  the  stones  fallen  ffom  the 
atmosphere.  We  have  every  reason  therefore  to  a* 
scribe  to  them  the  same  original :  and  this  accordingly 
is  almost  the  uniform  opinion  of  philosophers^  KJa* 
proth  has  shown  that  real  native  iron  is  distinguished 
from  meteoric  iron  by  the  absence  of  nickel*. 

Upon  the  whole,  we  may  consider  these  stony  and 
metallic  masses  as  fragmei^ts  of  fire-balls  which  have 
burst  in  the  atmosphere  ;  but  the  origin  and  cause  of 
these  fire-balls  will  perhaps  for  ages  baffle  all  the  aU 
fempis  of  philosophers  to  explain  them. 
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WATERS. 

j\{'AkKiKO  most  have  obierved  very  eafl/f  ftkat  Ukf 
.mtq»  which  exist  in  8U/i;h  abuodaf^ce  ii)  «|inq^  xfffV 
jwrtof  the  earth,  (^fiqr'.cjui&iderably  from  i;afb  otbcf  jifi 
ihejx.^te  and  transparency,  and  in  their  fitpcss  fgs.fffrf 
juii£j#^  vehicles  for:fQody  and  for  th^  "^^i^yfo^f^^^ 
sd  4ff I9fftic  economj.     These  differqii9es  are  occaiioiip^ 
^fbitiCP.tforcign  bodies  which  the  aqueous  fluid  boUi 
jKJ^tion  or  suspension  ;  for  water  is  never  found  BfjU|r 
]i9*|f  iftate  of  complete  purity,    la  some  cases  the 
tity  of  ^hese  foreign  matters  is  so  minute  as  to  bzt'30 
hv^f  litde  iufluence  on  the  taste  or  the  o^her  properti^^ 
4»f  water;, but  in  other  cases,  the  foreign  bodies  all 
its  properties  altogether,  and  render  it  noxious,  or 
jnnal,  or  unfit  for  the  preparation  of  food.     In  the 
sent  Book  I  shall  take  a  general  view  of  the  difiei 
springs  and  collections  of  water  ;  and  give  an  acconi 
of  their  properties  and  component  parts,  as  far  as  thi 
have  been  hitherto  ascertained.     Now  waters  may 
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ivenieotly  divided  bto  three  classes:  1.  Watcri     Bodt  tt* 
i2j  be  used  for  dressing  food,  and  the  other  bimlkk 
s  of  domestic  economy  to  which  water  is  usu*  ™^°  ^^^^ 
lied*     Thesc^  fdr  Want  of  a  better  name,  roaj 
I  common  water,    2-  Sea  water.    3.  Those  wa- 
zh  have  been  called  mineral^  in  consequence  of 
ale  quantity  of  mineral  substances  which  thej 
—These  three  classes  of  waters  shall  form  the 
>f  the  three  following  Chapters. 


ter. 
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Gooi,  w.ter  i.  ..  tHI»,i.rent  ..  crj.t.1,  «nd  a^ 
colourless.      It  has  no  smell,  and  scared j  anj  Uste^ 
•  and  in  general  the  lighter  it  is  so  much  the  better.   If 
tre  compare  the  different  waters  which  are  used  for  tbf 
common  purposes  of  life  n^ith  each  other,  and  judge  of 
them  bj  the  aboVe  standard,  we  shall  find  them  todif. 
fer  considerably  from  each  other,  according  to  the  cir« 
dumstances  of  their  situation.      These  waters  may  he 
reduced  under  four  heads  ;  namely,  l.  Ratn  water ;  2, 
Spring  and  river  water;  3.  Well  water;  4.  Lake  watery 
1  •  Rain  water,  unless  when  near  a  town  or  when  ool* 
lected  at  the  commencement  of  the  rain,  possesses  the 
properties  of  good  water  in  perfection,  and  is  as  free 
from  foreign  ingredients  as  any  native  water  whatever. 
The  substances  \^hich  it  holds  in  solution  are  air^  car* 
ionic  acid,  carbonate  oflinuy  and,  according  to  Bergman, 
it  yields  some  traces  of  nitric  acid,  and  a  little  muriate 
of  lime*.      The   eit^stence  of  air  in   water   was  fint 
pointed  out  by  Boyle.     Scheele  first  observed  that  tbif 
air  contained  a  greater  proportion  of  oxygen  than  com« 
mon  air.      The  quantity  of  air  in  good  water  does  not 
taceed  Ath  of  the  bulk.      One  hundred  cubic  inches 


*JB<rgiiiaO|L8;. 


'  wixer  conUtD  generiU/  about  one  cubic  inch  of  ctr*   ^  Cka|i,  r. 
^c  aeid  gas.     It  is  to  the  preseoce  of  these  two  clas- 
fluids  thit  water  owes  its  Uste»  and  rmny  of  the 
IM>d  ejects  which  it  produces  on  animals  and  vegeta^^ 


Heoo^  the  vapidoess  of  newly  boiled  water  from  ^■^'^  ^•^ 
riiich    these  gases  are  expelled.     Snow  watcr^  When 
wly  melted,  is  also  destitute  of  all  gaseous  bodies  \ 
ence  the  reason  thatfi»h  cannot  liVe  in  it,  asCarradori 
atcenainedf .    HasaenBratt,  indeed^  has  endeavour- 
to  proTe  that  toow  water  holds  oxygen  gas  in  solu- 
I ;  but  in   all   probability  the  water  which  be  exa- 
hiMd  had  absorbed  air  from  the  atmosphere* 

The  quantity  of  muriate  of  Jime  contained  in  rain   H^wptui* 
,  ,  ,  fied» 

Wtcr  must    be  eltceedingly  minute  j   provided   Mor- 

ieau*s  assertioQi  that  rain  water  may  be  rendered  su£* 

tciendy  pare  for  chemtctU  purposes  by  dropping  into 

ta  litile  barytic  water,  and  then  exposing  it  for  some 

ibixie  to  the  atmosphere,  and  allowing  the  pi^edpitate 

hrmtd  to  depositee  be  well  founded.    According  to  this 

lbiJasoplter»  the  rain  water  which  drops  from  the  roofs 

houses,  after  it  has  rained  for  some  time,  contains 
dy  a  little  sulphate  of  lime,  which  it  has  dissolved  as 
t  trickled  over  the  sUtes^. 

If  tneieoHc  stones  be  really  formed  in  the  atmos# 
lere,  we  have  reason  to  expect  a  gi-eater  proportion 
I  foreign  bodies  ifi  rain  water  at  some  seasons  than 
then.  It  is  not  unlikely  that  some  light  might  be 
Krown  upon  the  decompositions  going  on  in  the  atmos- 
ihttt,  by  examining  the  solid  substances  left  behind 
^lien  rain  water  is  evaporated* 


i  J»i.  4r  CUw,  tnw.  $%t. 
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Zn^%  \L  2.  i  he  water  of  springs  is  nothing  clit  thaa  ram  w»* 


prtng  war-   tcr«  \i^hich,  gradually  filtering  through  the  earth,  col* 
IteH  at  the  bottom  of  declivities^  and  makes  its  wijp 
to  the  surface*     It  is  therefore  equally  pare  with  riis 
^ilf^itTf  prbvided  it  docs  not  meet  with  9ome  $o!sibIt 
body  or  other  in  its  passage  through  the  soil.     Rat  m 
this  is  almost  always  the  case,  ifre  generally  find,  even 
10  the  purest  spring  water,  a  little  carbonate  of  Hau 
and  common  salt,  besides  the  usual  proportion  of  sit 
and  carbonic  acid  gas.    Sometimes  also  it  contains  ma* 
fiate  of  lime  or  a  little  carbonate  of  soda^.     Dr  Hcoc^ 
expelled  the  air  from  a  portion  of  spring  water  by  boiU 
ing  ;  100  cubic  inches  of  the  water  yielded  4*t5  inehet 
of  gas.     This  gas  he  found  a  mijcture  of  s*S8  incbti 
of  carbonic  acid,  and  138  of  atmospherical  airf .   Berg. 
man  found  the  springs  about  Upsal,  which  are  rtckM]« 
td  exoe^ingly  pure,  to  contain  the  following  foreign 
bodies  i 

1.  Oxygen  gas, 

2«  Carbonic  acid, 

3  m  Carbonate  of  lime, 
•       4.  Silica, 


5.  Comnjon  salt, 

6.  Sulphate  of  potasbi 
T.  Carbonate  of  soda, 
8.  Muriate  of  Itme. 


The  whole  of  these  ingredients  amounted  at  an  av^ 

rage  to  o*i)0004  parts;  and  the  proportion  of  each   o4 

the  solid  bodies  was  as  follows : 

Carbonate  of  llme.«.5'0         Muriateof  lime  .•••.0*5.^ 

'  Common  salt..,. 3*0         Sulphate  of  potash  ..0*2 

Silica •^••^•«**«i*.**..0'5         Carbonate  of  soda,.,0*? 
^  ^iBiver  waters  may  be  considered  as  merely  a  coU 
^▼er  wi-     jj^^  ^£  spring  and  rain  water,  and  therefore  ai«  mm 


•  fiergmia,  i.  88. 
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|rO:»hes^  of  a  degree  of  pucity  at  least  equal  to  these.      Chau  i. 
Indeed,  when  their  motioa  U  rapidp  and  their  bed  sili- 
ceoua  sand,  ihej  arc  generally  purer  than  spring  wr- 
t^  i  depositing  during  their  motion  c^cry  thing  which 
WMM  merely  mcchanicaUy  suspended,  and  retainitig  no- 
thing more  than  the  usual  proportion  of  air  and  carbo- 
nic acid  gas^  and  a  very  minute  quantity  of  carbonated 
lime  and  common  sah.    When  their  bed  is  clayey,  they 
are  n&ually  opal-coloured,  in  ponsequence  pf  the  parti- 
Uci  of  clay  which  they  hold  in  suspension. 
^  9«  By  well  water  is  meant  the  water  which  is  ob-  wai  w4- 
ttincd  by  digging  deep  pits,  which  is  not  in  sufficient 
tjtiaaiity  to  overftow  tlic  mouth  of  the  well ;  but  which 
Duy  be  obtained  in  abtindance  by  pumping.     It  is  es- 
uatially    tlie   ^ame  w^th  spring  waters   being  derived 
irom  the  very  same  source;  but  it  is  more  liable  to  be 
impregnated  with  foreign  bodies  from  the  soil,  in  con- 
sequence of  its  stagnation  or  slow  filtration.     Hence  the 
reascMi  that  well  water  is  often  of  that  kind  which  is 
diftingnished  by  the  name  of  bard  wnt^rt  l^ccause  it  Hjud  wa- 
<ioe»  not  dissolve  soap^  and  cannot  be  used  for  dressing   ^^^ 
seiferal  kinds  qf  food.     These  properties  ape  owing  to 
the  great  proportion  of  earthy  salts  which  it  holds  in 
solution.     The  most  common  of  these  salts  is  sulphate 
of  Umc^     These  earthy  sflts  haye  the  property  of  de- 
composing common  soap :   their  acid   unites  with  the 
alk.ali  of  the  soap,  while  the  earthy  basis  forms  with 
the  oil  a  soap  not  soluble   in  water,  which   envelopes 
the  soap  and  gives^it  a  grtusy  fedt     These  waters  may 
be  tn  general  cured  by  dropping  into  them  an  alkaline 
caTbooate.     Mr  Sennebier  has  shown  that  well  water 
usually  contains  a  greater  proportion  of  carbonic  acid 
»s  than  spring  or  river  water. 
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4.  The  water  of  lakes  it  rncrely  a  eoUeclioa  of  rail) 
water,  spring  water,  and  river  water,  and  of  courie  ooo- 
fains  precisely  the  lai^i^  heterogeneous  salts :  Bm  tl  U 
seldom  so  transparenf  as  river  water,  being  iisusUy  cofu 
taminaied  with  the  renaains  of  animal  and  vegetabll^  bo^ 
dies  which  have  undergone  piatrcfaction  in  it.     For  ts 
lake  water  is  pfcen  nearly  stagnant,  it  does  not  oppose 
the  jmtrefaciion  of  these  bodies,  but  rither  promotes  il; 
whereas  in  river  water,  which  ti  constantly  in  motioni 
no  putrefaction  takes  place.     Hence  the  reason  of  the 
slimy  appenrnncc  and  the  brownish  colour  which  oftei 
distinguishes  bke  water. 

Marsh  water  contains  a  still  greater  proportion  o( 
animal  and  vegetable  remains  than  lake  water,  becaok 
it  is  altogether  stagnant.  Moss  wawt  is  strongJj  im- 
pregnated with  those  vegetable  bodies  which  conititute 
ffiosses,  and  qsually  also  contains  iroo* 

When  water  is  kept  in  casks  during  sea  voyagei,it 
lOOD  becomes  putrid  and  oflensive.  This  is  owing  to 
Ibe  tction  of  the  w^ter  upon  the  cask,  a  portion  of 
which  it  dissolves.  Bcrthollet  suggested  the  charrbj 
of  the  inside  of  the  cask  as  an  cfFectaal  remedy.  Tbc 
txperimcnt  has  been  successfully  tried  in  a  long  ks 
voyage  of  Kxusenstern,  a  Hussian  ^aptain.  Cbarcoil 
powder  acts  efiectually,  but  it  is  troublesome^  and  SOMQ 
loses  its  property  *. 


#  Afta.  ifChm*  lis*  fk  md  GtliUa*>  Jmr*  l4  ■cr&e%i iiM« 


.K£  Ocean  is  the  great  reservoir  of  water  into  which 
i  lakes  and  rivers  cmptj  themselves,  and  from  which 
agaixi  drawri  by  evaporation  that  moisture  which,  fal- 
Dg  in  showers  of  rain,  fertilizes  the  earth,  and  sup* 
lies  the  wa^te  of  the  springs  and  rivers.  This  con.* 
Kaot  circuiation  would  naturalijr  dispose  one  to  believe, 
^iori,  that  the  waters  of  the  ocean  do  not  differ  much 
\m  the  waters  of  rivers  and  lakes  :  but  nothing  would 
mofe  erroneous  than  such  a  conclusion  ;  ior  the  sea 
itfT,  as  every  one  knows,  differs  matenally  from  com- 
n  water  in  its  taste,  specific  gravity,  and  other  pio« 
[ties.  It  contains  a  much  greater  proportion  of  sa* 
matter,  particularly  of  common  salt,  which  it  usu- 
extracted  from  it.  Indeed,  if  the  sea  were  not  im- 
ated  with  these  saline  bodies,  the  putrefaction  of 
mense  mass  of  animal  and  vegetable  m:Ytter  which 
tains  would  in  a  short  time  prove  fatal  to  the 
inhabitants  of  the  earth. 

absolute  quantity  of  sea  water  cannot  be  aic?  r-   Qawititjrof 

as  its  mean  depth  is  unknown*    Mr  De  la  Place 

oQStn^ted,  ^hat  a  depth  of  four  leagues  is  ne- 

I  to  reconcile  the  height  to  which  the  tides  are 

use  in  the  mian  ocean  with  the  Newiouiao 
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B^ p.  ..theory  of  thc^tite*._  Ityrt  soppO*^  ^}\^  ^  ^ 
mean  depth,  the  quantity  of  water  in  the  ocean  mast  he 
immense.  Even  on  the  supposition  that  ita  meia  depdi 
is  not  greater  than  the  Fonrfli  paft  of  a  mile,  its  solid 
contents  (allowing  its  surface  to  be  three-fourths  of  that 
of  the  superficies  of  t^^  ei^by  wout4  he  S2,qS%90n9i 
cubic  miles. 

Itojffopci^  Sea  water  has  a  very  ^sagreeaUe  bitter  taste,  at 
least  when  taken  from  the  surface  or  near  the  shore ; 
butwhen  brought  up  from  great  depths,  its  taste  is  ooW 
sifBne  f.  HeAce  we  learn  that  tiiis  bittemesk  is  owing 
to  the  taimal  and  Vegetable 'sabttanees  with  winch  it 
il  miz^  near  the  surface.  Tts  specific  gtkwiij  ▼aries* 
frbm  v6269  to  1*0285 1*  kt'does  not  fNeie  tiU'eoet-^ 
eddowo  ti)  28*5*  f  of  F^renheit's  scale.     ''     ^     .      < 

8^  eaa-  •  Jt  has  been  ascertained  by  the  experitoents ^f  idifi- 
rent  chemists  {),  and  esjpecially  by  those  dF  BerMbj; 
tbat  sea  water  holds  in  solution  muriate  of  socia,  mbri-' 
ate  of  magnesia,  sulphate  of  maghesia,  aAd  soipfiitt  of 
lime;  besides  the  animd  and  vegetable  bodies  with' 
i^hich  It  is  occasionally  cootamhiated.' '  Hie  avefiige 
quantity  of  saline  ingredients  is  y^.  '  Bergtnan'&mnf 
water  taken  up  from  the  depth  of  60  fathoms,  near  the 
Canaries^  by  Dr  Sparrmaui  to  contain  ^V*'  Lo^  M uL' 
grave  found  the  water  at' the  back  of  Tarmbntlk  sands 
to  contain  about  ^  part.  Bergman  found  water  taken 
up  from  'a  depth  of  sixty  fisthdms  to  contain  lonly  the 
following  salts  in  the  following  proportions^  *  "  •  - 


«  JIfm.  P«r.  I77i,  p.  S13.  1 9«|«ifa(t  i.  ifoi^ 

tBUclh,RirwMi'tG«fi^fai/il>^i,  p.  355.      .  '     '^  ' 

5  Nairne,  Wit  Traiu.  1776,  Arc  tint,  '  *  '   *'.*  ' 

I  MoaiiflC»LnrQUw,Biaml,aEalimfabli*cda^^ 
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SO-aU  common  salt  Chap.n. 

6*222  muriate  of  roagncsia 
1*000  suJphate  of  Ume 
Mr  Lavoisier  found  10,000  parts  of  sea  water  taken 
up  <m  the  west  of  Dieppe  to  contaio  the  following  salts: 
1315  muriate  of  soda 
256  muriate  of  lime  and  magnesia 
156  muriate  of  magnesia 
87  lime 
b4  sulphate  of  soda  and  magnesia 

1958 

or  almost  ^  of  saline  contents  ^  ;  but  this  proportion  iq 
fuidoubtedly  excessive.  My  analysis  gives  ^  of  saline 
contents  in  the  wat^r  of  the  Eriih  of  Forth.  The  salts 
^xrbich  I  found  were  the  same  as  those  announced  by 
Bergman,  su)phate  of  magnesia  excepted,  which  exists 
in  all  ihe  specimens  of  sea  w^ter  tt^at  1  have  examined; 
and  the  proportion  of  it  is  considerahle. 

As  far  as  experiment  has  gone,  the  proportion  of  in  aifffcreat 
saline  contents  does  not  differ  much,  whatever  be  the  P**^^ 
latitude  in  which  the  water  of  the  ocean  is  examined, 
Ijord  Mulgravf,  in  north  latitude  50%  and  60  fathoms 
imder  ice»  found  the  saline  contents  of  sea  water  0-0354^ 
io  latitude  74%  he  found  them  0-03C ,  in  latitude  60*^, 
|}*034.  Pages  found  sea  water  takeu  up  in  north  lati- 
tude 45^  and  39^  to  contain  0*04  of  saline  contents; 
and  Baumc  obtained  by  analysis,  from  water  taken  up 
by  ^ages  in  north  latitude  34*  and  14%  exactly  the  same 
proportions  of  saline  matter.     In  southern  latitudes 
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.^^  "l    ^*K*'  *^^^  ^'^^  following  proportioo«  of  saline  m^ 
Urs: 

Latitttde.  SftKoe  Matter. 

4^''  50' 0-0416 

4<S        0  ••.0-045 

40     30  0*04 

S5     54  f..0'04 

20       0  0 0-039 

1      16  ,•,.. 0-035 

Yxom  the  experiments  made  by  Bladh  on  the  specif 
gravity  of  sea  water  in  different  latitudps^  it  appears  thai 
|be  water  contains  tnore  salt  at  the  tropics  than  towards 
the  equator* 

If  we  were  acquainted  with  the  proportion  between 

the  saline  contents  of  sea  water  and  its  specific  grmvitj^ 

St  would  be  easy  in  alt  cases  to  ascerti^tu  the  quant|tj  of 

iidio^  matter  merely  by  taking  the  speci$o  gravity  of 

Specific        iJbe  water  we  wish  to  esamine.     This  ^ouid  reqtiire  a 

water  hold*  Set  of  experiments  on  purpose ;  dissolving  in  pure  w«^ 

fS^u^      ter  different  quantities  of  the  salts  confined  in  sea  wa- 

poftiootoT    ter  in  the  jproportioris  which  they  bear  to  each  other| 

tiyn!  AfNl  ascertaining  the  specific  gravity  of  every  saeb  soltt«' 

tion.     Dt  Watson  has  given  us  a  Table  for  ascertain* 

iog  that  point,  as  far  as  common  salt  is  concerned  s  and 

as  the  salt  which  he  ysed  was  not  perfectly  purci^   but 

contained  a  mixture  of  the  different  salts  usually  fottof 

|n  the  sea,  we*  may  consider  it  as  very  nearly' determining 

the  proportion  of  saline  contents  in  Sea  water  as  tut  as 

{Y  gpcfi .    This  Table  therefore  I  shall  here  insert  ^« 
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1 
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T 
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t 
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■ 

1-024  1 

T^ 
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TT 
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* 

TTT 
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1 
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1 
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TT 
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tV 
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TT 
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t 
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1 
TT 
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1 
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r048 
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rh 
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TT 
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1 

TT 

1'P12 
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1 

TT 
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1 
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This  Tabic  was  calculated  at  a  temperature  between 
46<*  and  55** ;  but  M*  Kir  wan  has  reduced  part  of  it 
to  the  temperature  of  62^ ,  in  order  to  compare  it  with 
the  specific  eravines  of  sea  water  t^ken  at  that  tempe- 
rature, or  at  least  reduced  to  it.  The  specific  gravVi 
tics,  thiu  altered  by  Kirwan,  are  as  follows: 

proper,  of  ^Ht.         Spec*  Gr*w,  at  6s® 

^   1-0283 

»••,•  — r02T5 
t**—t 1*01170 

^  •«.**..l*O250 

VW  • ..."1*023S 

1^   ••••»««»***«t*0l8S 

roi33 

1-0105 

1*064 


TT 

1" 


i 


lM|en 
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teoti'dfsea:  water  in  difierent  parU  of  the  Adantic  imd 

fie  gravilf  of  tea,  water  ia4iffereot  parta.af  Iheae  oceaiu^ 
conjrtnkM'  bjr  Blifflh^  and  reduced  b^Ki^waa  to'Oia 
tei«peratn^of62^*V'-  *" 


1 1 


kidiffam 


.  Latitvob.  '. 

l^1f<^TVDM  f. 

S^Qr.a)te» 

North. 

'M'  ■ 

pri    18 

.  ,  48    148 

i*0^72 

.i*02qo 

^             1 

isT     01 

•  ,ji  :22 

i'6a.72 

54     00 
44     92    , 

'  ,4    ;45 
S     04 

VoiTJi 

44     07 

East. 
1    00 

1'02W 

40     41 

0    30 

1*<J274'. 

>    34     40 

1     18. 

1^0280. 

24     po ' 

.    P    90 

2     32 

'l-0flf64 

18     ^ 

»     24 

1-0281 

16     36 

3     ST 

1-027.7 

14     56 

,3     40 

1*0275 

10     SO 

3     49   ■ 

•    1-6272 

5     50  • 

3     28 

1-0274 

2     20 

3-    26 

1^0271 

1     25 
Sonth. 

•:8.  .30... 

.   j;0273 

r 

0     10 

'  !s     40 

'    1*0217 

5     10 

'6*    DO- 

•  ro2n 

10    oa  " 

•©    05   • 

•   Jf*0285 

14     40: 

7    .00 

.  rosM 

20     06    . 

,.,5     30 

I'OSSS 

25     45 

2     22 
Elst. 

l'028l 

.  1 

SO     25 

T     12 

.  1-027Q 
1*0276 

31      37 

08     13 

ol 
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ift^m  thb  Table,  compared  with  the  last,-  wc  Icaro 
that  ihc  ocean  contaias  most  salt  between  south  latL- 
tnde  10®  and  20^  ;  the  saline  conlenls  anpouniing  to  ra* 
thcr  more  than  tt*^»  ^^  quantity  of  saltbetwceo  north 
latitude  18^  and  34^  is  rather  less  tiian  V^th:  al  the  e- 
^uator  it  is  nearly  Vr^^*  The  proportion  of  salt  is  Icaat 
of  all  in  north  latitude  57*^,  where  it  amounts  to  little 
more  than  tV^^* 

From  the  experiments  of  Wilcke,  we  learn  that  the 
Baltic  contains  much  less  salt  than  the  ocean  ;  that  the 
proportion  of  its  salt  is  increasedrby^  a^west  windp  and 
still  more  by  a  north-west  wind.  The  specific  gravity 
oftiie  Baltic  watfer>  ascertained  by  this  philosopher  uD* 
dcr  these  different  circumstances,  and  reduced  by  Mr 
Kirwaa  to  the  temperature  of  62^,  is  exhibited  in  the 
following  Table ; 

r  1^039  Wind  at  E* 

1*0007  Ditto  at  W. 
I'OllS  Storm  at  W, 
1'0098  WindatK,  W* 
From  this  Table  it  appears  that  the  proportion  of 
salt  in  the  Baltic^  wVen  an  east  wind  prevails,  is  only 
VJt  »  ^**  ^^**  *^*''  proportion  is  doubled  by  a  wester. 
1y  storm  :  a  proof  not  only  that  the  saltncss  of  the  Bal- 
tic is  derived  from  the  neighbouring  ocean,  but  that 
storms  have  a  much  greater  effect  upon  the  waters  of 
the  ocean  tl)aQ  has  been  supposed  ^,     The  Euxine  and 
Caspian  Seas,  if  we  believe  Tournefort,  are  less  3all 
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SEA  ^Atn* 

tbtocna^t  bat  it  is  probable  tbtt  die  ifWbdr. 
is  at  least  M  sidt  as  tbe  Atlantic. 
The  wettr  of  the  titmi  Sui  diftrt  tgceetfitlly  finodl 
M  ^M9t.     lis  specific  grttitj  it  l*Sll  f  ;  aad  it  is 
Satnratod  >irlth  salt,  eontatniog  too  less  thati  24*a  ^ 
am.  of  srinib  matter.      According  to  the  iHelTsis  of 
iUvcMeiP,  it  is  eomposcd  of 
55*60  water 

38*15  neriHte  of  liihe  and  of  mtgnesis 
6*15  oooiitiiGMii  lalt 


109'oot 

B«it  by  the  Ute  verf  accurate  ai^alysis  of  Dr  Mae- 
#tot,  the  ooostitiients  oontained  in  100  parts  of  ibi 
iprater  of  this  Itke,  flre  ifi  the  following  pfqponions  t 
3*920  muriate  of  lime 
10*240  muriate  of  imignesia 
10-300  moriate  of  sods 
0*064  tulpbaCe  pC  Jiiii% 
75:^0  water 


100*000  § 

The  trater  of  %hi$  lal^e^  therefore,  dUgfit  to  h^  dil^ 
tiligaiibed  from  sea  water  ^  and  might  with  proprie^ 
^Mf  im^udfd  among  mfn^^  waterf.    Or  Marcet  foiind 


a  Toumefott*!  royagki,  iL  4^01  f  Mttcce. 

f  A4m,  IW-  177S,  p.  S^ 

{  NichoUi>n*t  Jour.  ix.  15.   The  coDftituentt  ol  mlphate  •£  lim^,  okl  dF 
•olpliate  of  barytettbetog  ttken  by  Dr  Marcet  from  the  erroneoBt  aaal|«i 
of  Chcneviz,  will  make  a  small  error  in  the  quaotitf  of  sulphate  1 
bttt  the  quantity  of  this  salt  contained  in  the  water  I9  to  nBall»  t 
error  may  be  reckoned  ittimacarliL 


:^ 


ktt  waters  wbich  arc  distinguished  from  common  wa-  !Sfi»cnil 
tcr  by  a  peculiar  smelly  taste,  colour^  &-C.  and  which  in  ^|"^^' 
CfMisc^oence  of  these  properties  cannot  be  applied  lo  tlie 
|iurposes  of  domestic  econotuj^  have  been  distinguished 
by  the  appellation  of  minerai  wattrj^  These  occttt 
taofc  or  less  frequently  in  different  parts  of  the  eanbp 
•ocistituting  wells^  springs,  or  foumains  ;  sometimes  of 
file  icmpcranire  of  the  soil  throuf  b  which  they  pats, 
ioiprtimet  warm,  and  in  some  pasei  ciren  at  the  boiling 
teroperatiire*  Many  of  these  mineral  springs  attracted 
the  attcniion  of  mankind  in  the  earliest  ages,  add  wtfre 
iW)rte|l  to  by  Iho&e  who  laboured  under  diseft&es,  and 
•mpioyed  by  cbem  either  exteroally  or  inlernatUy  as  a 
iDc4tcisi&r  But  it  was  not  till  towards  the  end  of  ibe 
A*fth  century  that  any  ati^npt  was  made  to  defeat  the 
fegiedients  of  Khich  thc4e  waters  were  composed^  or 
to  discover  this  subitancea  to  which  they  owed  thtir 
f«>p«T 
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Mr  fioylc  may  be  codstdered  us  the  first  per soa  wh^ 
pointed  out  the  method  of  rxamining  water*  He  fizH 
ascertained  the  existence  of  air  in  iti  and  pointed  oot  l 
number  of  tests,  by  means  of  which  conjectures  might 
be  made  concerning  the  saline  bodies  which  the  water 
exambed  held  in  solution.  In  1505j  Domlmc  du  Clos 
attempted  to  examine  the  different  mineral  waters  in 
France.  He  employed  almost  all  the  rc-agcnts  recom- 
mended by  Boyle^  and  likewise  added  several  of  his 
own*  la  1080|  Hieme  published  a  set  of  experiments 
on  the  mineral  waters  of  Sweden.  Soon  after  various 
improvements  were  introduced  by  Regis,  Didier,  Bur* 
let^  and  Homberg  ;  and  in  1726  Bouldoc  pointed  out  a 
method  of  precipitating  several  of  the  saline  contcnUof 
water  by  means  of  alcohol.  But  it  was  not  till  after 
the  discovery  of  carbonic  acid  by  Dr  Black,  that  aoy 
considerable  progress  was  made  in  ascertaining  the  con^ 
position  of  mineral  waters.  That  subtile  acid  which  is 
BO  often  contained  in  them,  and  which  serves  as  a  sol- 
vent  to  many  of  the  earths  and  even  metallic  bodicti 
had  thwarted  all  the  attempts  of  former  chemists  to  de* 
tcct  the  composition  of  these  liquids.  Since  the  diaoo*- 
Tery  of  that  acid,  the  analysis  of  mineral  waten  has 
advanced  with  great  rapidity^  in  consequence  chiefly  of 
the  admirable  dissertation  on  the  analysis  of  minerml  wa- 
ters published  by  Bergman  in  1778.  Since  that  period 
much  has  been  done  by  the  labours  of  Gioanetti,  Blacky 
Klaprotb,  Westrumb,  Fourcroy,  Brex6,KirwaQ,  aod  ma- 
ny other  eminent  chemists.  So  that  notwithstanding 
die  difficulty  of  the  subject,  scarcely  any  branch  of  ct 
mistry  has  made  greater  progress,  or  is  farther  adva 
ced  than  the  knowledge  of  mineral  waters. 

The  substances  hitherto   found  in  mineral 
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mmofim  to  about  38^  and  maj  bertduced  under  the  four 
fellowiog  heads  i  1.  Air  and  hs  component  parts,  oxy- 
gen and  azotic  gas*  2.  Acids.  3.  Alkalies  and  earths. 
4.  Sails. 


Chap*  tri. 


I.  Air. 


I 


1.  1.  Air  IS  contained  in  by  far  the  greater  number 
of  mineral  wateis  :  its  proportion  does  tioi  exceed  V?th 
of  the  bulk  of  the  water. 

2,  OacygtO  gas  was  first  detected  in  waters  by  Sdicele. 
Its  quantity  h  usually  inconsiderable  ;  and  it  is  incom- 
patible with  the  presence  of  sulphureted  hydrogen  gas 
or  iron. 

3.  Azotic  ga$  was  first  detected  in  Buxton  water  by 
Dt  Pearson.  Afterwards  it  was  discovered  in  Harrow- 
gate  waten  by  Dr  Garnei,  and  in  those  of  Limingtott 
Priors  by  Mr  Lam  be. 

11.  The  only  acids  hitherto  found  In  waters,  except 
in  combination  with  a  basci  are  the  four  following  : 
carbonic,  sulphurous,  boracic,  and  sulphureted  hydro- 
gen gas. 

1,  Carbonic  acid  was  first  discovered  in  Pyrmont 
water  by  Dr  Brownrigg.  It  is  the  most  common  in- 
gredient in  mineral  waters,  100  cubic  inches  of  the  wa- 
ter generally  containing  from  six  to  40  cubic  inches  of 
this  acid  gas.  According  to  Westrumb^  100  cubic  in- 
ches of  Pyrmont  water  contain  IST  cubic  inches  of  it,  or 
almost  double  its  own  bulk. 

2*  Sulphurous  acid  has  been  observed  in  several  of 
the  hot  mineral  waters  in  Italy,  which  are  in  the  neigh, 
bourhood  of  volcanoes. 

3.  The  boracic  acid  has  also  been  observed  in  some 
lakes  to  Italy. 


t«  Add*. 
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Book  II.         4*   S^lphureted  hydrogen  gas  constitutes  the  most 
'  conspicuous  ingredient  in  those  waters  which  are  dis- 

tinguished bj  the  name  of  hepatic  or  sulphureous. 

IIL  The  onlj  alkali  which  has  been  observed  in  mi« 

.    neral  waters,  uncorobined^  is  soda ;  and  the  onlj.  earthj 

bodies  are  silic^  and  lime. 

^,,  ,.  1.  Dr  Black  detected  soda  in  the  hot  mineral  waters 

^.  Alkalies 

Mid  eartht.     of  Gejzer  and  Rykum  in  Iceland^  but  in  most  other 
cases  the  soda  is  combined  with  carbonic  acid. 

2.  Silica  was  first  observed  in  waters  by  Bergman. 
It  was  afterwards  detected  in  those  of  Geyzer  and  Rj- 
kum  by  Dr  Black,  and  in  those  of  Carlsbad  by  Kla- 
proth*  Hassenfratz  observed  it  in  the  waters  of  Poo- 
gues,  and  Breze  in  those  of  Pu.  It  has  been  found  al- 
so  in  many  other  mineral  waters. 

3.  Lime  is  said  to  have  been  found  uncombined  in 
some  mineral  waters  :  but  this  has  not  been  proved  ia 
a  satisfactory  manner. 


4.  Saks. 


IV.  The  only  salts  hitherto  found  in  mineral  waters 
are  the  following  :  sulpbatesy  nitrates^  muriates^  carh* 
nates,  and  hydrosuipburets  : 

1.  Sulphate  of  soda  10.'  Nitrate  of  magnesia 

2 ammonia  11.  Muriate  of  potash 

3 lime  12 soda 

4 magnesia  13 ammonia 

3 alumina  14 barytes 

C iron  15 lime 

7 copper  16 magnesia 

8.  Nitrate  of  potash  17 alumina 

9 lime  18.  •••• nuinganese 


m.  Carbonate  of  potash  21.  Carbonate  of  alumioa      ^^^P*  ^"•. 

20« soda  25*  ..  ^........iron 

21 «••.,,*  ammonia  26*  Hydros  ulph.  of  lime 

22.  •  •  •••..•«..  lime  2'T potash 

23 magnesia  28.  And  likewise  borax 
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Of  ihese  genera  the  carbonates  and  muriates  occur  by  far 
most  commonly,  and  the  nitrates  most  rare!y. 

1*  Sulphate  of  »oda  is  not  uncommon,  especially  Iii 
those  mineral  waters  which  arc  distinguished  by  the 
epithet  saliru* 

2.  Sulphate  of  ammonia  is  found  in  mineral  Waters 
near  volcanoes . 

3.  Sulphate  of  lime  is  exceedingly  common  in  water. 
Iti  presefice  seems  to  have  been  first  delected  by  Dr 
X«ister  10  1082. 

4.  Sutphate  of  magnesia  is  almost  constantly  an  in- 
gfedicni  in  those  mineral  waters  which  have  purgative 
properties.     It  was  detected  in  Ep*fcom  Witters  in  1610, 

tand  in  1606  Dr  Grew  published  a  treatise  on  iti 
5.  Alnm  is  sometimes  found  in  mineral  waters,  bui 
it  is  exceedingly  rare* 
0.  and  t*  Sulphate  of  iron  occurs  sometimes  in  vol-. 
C3T  A  waters^  and  lias  even  been  observed  In  o- 

iht.  ^,-..i.      But  Mitphate  of  copper  is  only  found  ia 
the  waters  which  issue  from  copper  mmes. 
8.'  Nitre  iras  been  fotind  in  somespriilgi  in  Hungary  ; 
but  it  is  txccedingly  tuicommon. 

9.  Nitrate  of  lime  was  first  detected  in  water  by  Dr 
Home  of  Edinburgh  in  1736*  It  ii  said  to  occur  iu 
#ome  ^^      '  '■  :i- 

Id,  ^,„...:. .  ^•.  .,...f  .,_...-  .-  .....^  -- \jcci\  foundiii 

some  springs. 
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P*'^^^  ^^'  ^  1 1 .  Muriate  of  potash  is  uncommou ;  but  it  has  Itre- 
Ijr  becD  discovered  in  the  mineral  springs  of  Uhleabor^ 
in  Sweden  by  Julin. 

12*  Muriate  of  soda  is  so  exceedingly  comnion  in  mi- 
neral waters,  that  harcHy  a  »ingle  spring  has  been  ana- 
lysed without  detecting  some  of  it. 

13.  Muriate  of  ammonia  is  uncommon  ;  but  it  has 
been  found  in  some  mineral  springs  in  Italy  and  in 
Siberia.. 

14.  Muriate  of  bary  tes  is  still  more  uncommon  ;  but 
its  presence  in  mineral  waters  has  been  announced  by 
Bergman. 

15.  and  IG.  Muriates  of  lime  and  magnesia  are  com* 
mon  ingredients* 

17.  Muriate  of  alumina  has  been  observed  in  waters 
by  Dr  Withering  ;  but  it  is  very  uncommon. 

18.  Muriate  of  manganese  was  mentioned  by  Bergmta 
as  sometimes  occurring  in  mineral  waters.  It  has  late* 
ly  b(en  detected  by  Lambe  in  the  waters  of  Lemiogtoo 
Priors  ;  but  in  an  extremely  limited  proportion. 

19.  The  presence  of  carbonate  of  potash  in  minertl 
waters  has  been  mentioned  by  several  chemists:  if  it 
does  occur,  it  must  be  in  a  very  &mall  proportion. 

20.  But  carbonate  of  soda  is,  perhaps,  the  most  com- 
mon ingredients  of  these  liquids,  if  we  except  commoa 
salt  and  carbonate  of  lime. 

21.  Carbonate  of  ammonia  has  been  discovered  in  wa- 
ters i  but  it  isuiicommon. 

22.  Carbonate' of  lime  is  found  in  almost  all  waters, 
and  is  usually  held  in  solution  by  an  excess  of  add.  It 
appears  from  the  different  experiments  of  chemists^  s% 
stated  by  Mr  Kirwan,  and  especially  from  those  of  Jkr- 
'hoUct,  that  water  saturated  with  carbonic  acid  if  ca« 
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Able  of  bolditig  tn  solution  0*002  of  carbonate  of  limt. 
ow  water  saturated  with  carbonic  acid,  at  the  tcmpc- 
itttre  of  50^,  contains  vcrj  nearly  0'002  of  lis  weight 
c&rbontc  acid.  Hence  it  follows  that  carbonic  acid, 
hen  present  in  such  qnanrity  as  to  saturate  water,  h 
pable  of  holding  its  own  weight  of  carbonate  of  lime 
solottou.  Thus  we  see  that  looo  parts  by  weight 
water^  when  it  contains  two  parts  of  carbonic  acid, 
capable  of  dissolving  two  parts  of  carbonate  of  If  me. 
hen  the  proportion  of  water  is  increased,  it  is  capable 
if  holding  the  carbonate  of  lime  in  solution^  even  when 
e  proportion  of  carbonic  acid  united  with  it  is  dimi- 
^ed.  Thus  ^4,000  parts  of  water  are  capable  of 
loMing  two  parts  of  carbonate  of  Hme  in  solution,  even 
hen  ihcy  contain  only  one  part  of  carbonic  acid.  The 
let  the  proportion  of  water,  the  smaller  a  propor- 
on  of  carbonic  acid  is  necessary  to  keep  the  lime  in 
iitioo  i  and  when  the  water  is  increased  to  a  certain 
portion,  no  sensible  excess  of  carbonic  acid  is  ne- 
iessaiy.  It  ought  to  be  remarked  also,  that  water,  how 
mall  a  quantity  soever  of  carbonic  acid  it  contains,  is 
mpable  of  holding  carbonate  of  lime  in  solution^  pro-* 
ridcd  the  weight  of  the  carbonic  acid  present  exceed 
Khtt  of  the  lime  ^,  These  observations  apply  equally  to 
tfic  other  earthy  carbonates  held  in  solution  by  mineral 
iraters* 

I*  29.  Carbonate  of  magnesia  is  also  very  common  in 
mineral  waters,  and  is  almost  always  accompanied  by 
carbonate  of  Isme. 

C4*  Carbonate  of  alumina  is  said  to  (lave  been  found 
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,  Book  IL     in  waters  ;  but  its  presence  has  not  been  properly  ascer- 
tained. 

25*  But  carbonate  of  iron  is  bj  no  meant  uncom- 
mon i  indeed  it  fornis  the  most  remarkable  ingredient 
in  those  waters  which  are  distinguished  bj  the  epithet 
of  chalybeate. 

20.  and  27.  The  hjdrosulphurets  of  lime  and  of  soda 
have  been  frequently  detected  in  those   waters  wl)ich 
*  are  called  sulphureous  or  hepatic. 

23.  Borax  exists  in  some  lakes  in  Persia  and  Thibet ; 
but  the  nature  of  these  waters  has  not  been   ascertain- 
ed •. 
5.  Vcgftt^         Besides  these  substances,  certain  vegetable  and  animal 

blc  and  am-   ^alters  have  been  occasionally  observed  in  mineral  wa- 

nial  mat-  ^  •' 

tcrs.  tcrs.       But  in  most  cases  ilitse  are  rather  to  be  consi- 

dered in  the  light  of  accidental  mixmrcs  tiian  of  real 
component  parts  of  the  waters  in  which  they  occnr. 

From  the  above  cnumerntion,  we  arc  enabled  to  form 
a  pretty  accurate  idea  of  the  substances  which  occur  ia 
mineral  waters  ;  but  tliis  is  by  no  nuans  sufficient  to 
make  us  acquaintcvl  with  these  licjuids.  Nd  mineral 
water  contains  all  of  tlusc  siil>>iance^.  Seldom  arc 
there  more  than  five  or  six  of  them  present  together, 
and  hardly  ever  do  they  exceed  i!»c  number  of  eight  or 
ten.  The  proportion  too,  in  which  they  enter  into  mi- 
neral  waters  is  generally  small,  and  in  many  cases  ex- 
tremely so.  Now  in  order  to  understand  tlie  nature  of 
mineral  waters,  it  is  necessary  to  know  the  substances 
which  most  usually  associate  together,  and  the  propor- 
tion in  which  they  commonly  associate.     Ia  the  grcat- 
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ef  part  of  mineral  waters  there  is  usuallj  some  sub-  Ch>p  Itt^ 
stance  present,  which,  from  its  greater  proportion,  or  its 
greater  activity,  stamps,  as  it  were,  the  character  of  the 
water,  and  gives  it  those  properties  by  which  it  is  most 
readtlj  distinguished.  This  substance  of  courve  daiins 
the  gtcatest  attention,  while  the  other  bodies  which  en* 
ler  in  a  stnallcr  proportion  mny  ^'*^7»  ^^  tv^n  be  ab- 
•eni  altogether,  without  producing  any  sensible  change 
it!  the  nature  of  the  water*  This  circumstance  enablet 
\o  divide  mineral  wati^rs  into  da%&eS|  distinguished 
he  peculiar  subvtancc  which  predominates  in  each. 
r?fccoTdtogly  they  have  been  divided  into  four  classes  j    MmttAl 

-  prater*  d»- 

lamelj,  vid«,i  nno 

1.  Acidulous,  3,  Hepatic.  f'urcl««,. 

2.  Chalybeate,  4-  Saline, 
us  take  a  view  of  each  of  the^ic  cla««:^ 
'.  The  acidulous  waters  contain  a  consvait  id  n-  pio- 

rpOTtion  of  carbonic  ^cidu  Tfiey  are  easily  diifingtii^h* 
fcd  by  their  acid  taste^  and  by  their  sptrklinp  like 
champaign  wine  when  poured  into  a  glass.  They  con- 
tain almost  constantly  itomi*  common  salt,  and  in  gene- 
ral also  a  greater  or  smaller  proportion  of  the  earthy 
Carbonates, 

2*  The  chalybeate  watrrs  contain  a  portion  of  iron,  *'  Chaljr 
fand  arc  easily  distinguished  by  the  proptny  which  they 
l^avc  of  striking  a  black  with  ihctmcture  of  fiutgall*;. 
The  iron  is  usually  held  in  solution  by  carbon h:  acid. 
It  rery  cftrn  happens  that  thi^  acid  is  in  eatcess  5  ih 
^h!ch  case  the  waters  are  not  cnly  chsilybea^e  but  Rci- 
fulous.  Thb  n  the  case  with  the  waters  of -Sfia  anil 
Pyrmont.  In  some  instances  (he  iron  is  in  the  state  of 
I  sulphate  ;  but  this  1^  uncommr  n.      Waters  conlainin^ 
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,  Book  If.  the  sulphate  of  iron  may  be  readily  distioguished  bj 
the  property  which  they  have  of  continuing  to  strike  % 
black  with  tincture  of  nutgalls  even  after  being  boiled 
and  filtered  j  whereas  boiling  decomposes  the  carbonate 
of  iron,  and  causes  its  base  to  precipitate. 

J.  Hepatic.  3.  The  hepatic  or  sulphureous  waters  are  thosc  which 
contain  sulphureted  hydrogen  ga$.  These  waters  are  ^ 
easily  distinguished  by  the  odour  of  sulphureted  hydro- 
gen gas  which  they  exhale,  and  by  the  property  which 
they  have  of  blackening  silver  and  lead.  The  nature 
of  thii  waters  belonging  to  this  class  long  pu:^iled  che- 
mists. Though  they  often  deposite  sulphur  sponts- 
neously^^  yet  no  sulphur  could  be  artificially  separated 
from  them.  The  secret  was  at  last  discovered  by  Berg, 
man.  These  waters  are  of  two  kinds :  in  the  first  the 
sulphureted  hydrogen  is  uncombined ;  in  the  second  it 
is  united  to  lime  or  an  alkali.  They  are  freqneotlj 
also  impregnated  with  carbonic  acid,  and  usually  cod. 
tain  some  muriates  or  sulphates. 

4.  Saline.  4.  Saline  waters  are  those  which  contain  only  salts 

in  solution,  without  iron  or  carbonic  acid  in  excess. 
They  may  be  distinguished  into  four  different  orders. 
The  waters  belonging  to  the  first  order  contain  salts 
whose  base  is  lime,  and  generally  either  the  carbonate 
or  the  ^Iphate.    They  are  known  by  the  name  of  hard 
waters,  and  have  but  a  slight  disagreeable  taste.     The 
waters  belonging  to  the  second  order  are  those  in  which 
common  salt  predominates.     They  are  readily  recog- 
nised  by  their  salt  taste^  and  like  sea  water  usually  eon- 
tain  some  magnesian  and  calcareous  salts.     The  waters 
of  the  third  order  contain  sulphate  of  magnesia.     They 
have  a  bitter  taste  and  are  purgative.     Finally,  the  wa- 
ters of  the  fourth  order  are  alkaline,  containing  carbo- 


WATE115, 


of  soda*     They  zie  easilj  disiinguisticd  hy  the    C^wp*  Ul^ 
opcrty  which  they  have  of  tinging  vegetable  blues 
reen* 

Such  is  a  short  view  of  the  different  classes  of  mine-, 
al  waters,  A  panicnlar  description  of  each  particular 
ipring  would  be  inconsistent  with  the  plan  of  this  Work** 
Bat  a  pretty  accurate  notion  may  be  formed  of  the  salts 
hicb  most  commonly  associare,  and  of  the  proportions 
f  each,  from  the  following  Table,  which  exhibits  a 
optical  view  of  the  component  parts  of  a  considcr- 
,b1c  number  of  mineral  waters,  as  analysed  by  different 


*  *  Tbc  reader  wiU  Htid  ^n  accurate  siccaQiit  of  tbe  prr»pcrttes  and  <oi>- 
Rifucfiti  of  f  he  moft  cdchnted  mincrtl  tprng»,  both  Brltifth  ind  fore}gn» 
II  l?r  Saundcrt't  Trtalw  am  tte  C^tmu'*t  Hittory  anJ  MeJtHii  j^'oitn  •/  tlft 
fih-^icJ  Mwtrat  H^ttrrt*  From  thb  excellent  work  1  Kate  liorrow- 
of  tht;  Ajiiiyset  whicH  appear  in  the  cnMing  Tab]^  in  the  tctCr 
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CHAP.  IV. 


OF  THE  METHOD  OF  ANALYSING  WATERS 
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hz  analysis  of  waters,  or  the  art  of  ascertaining  the 
iflfcrcnt  substances  wliich  ihcy  hold  m  solulioiii  and  of 
etermining  the  proportion  of  these  substances,  is  ouc 
Fthe  most  dilHcult  things  in  chentiistry*  The  dlfficul- 
r  arises  not  only  from  the  diveriiity  of  the  bodies  which 
ecur  In  waters,  but  from  the  very  avinutc  quantities  of 
jme  of  the  ingredients.  Though  many  ailemptu  had 
een  made  to  analyse  particular  vvaters,  and  several  of 
lt%c  were  reraarkably  well  conducttd,  no  general  mode 
;  atialysis  was  known  till  Bergnaan  published  hisTrca- 
sc  on  Mineral  Waters  in  1718.  This  admirable  trukct 
irried  the  subject  all  at  once  to  a  very  high  degree  of 
erfection.  The  Bergnciannian  method  has  been  follow- 
I  by  succeeding  chemist^>  to  whoni  we  are  indebted 
ift  only  for  a  great  number  of  very  accurate  analyses 
f  mineral  waters,  but  likcwiw?  for  Kverul  improvo- 
lents  in  the  oiode  ol' conduciitig  the  safilysiv,  Mr  Kir^ 
'ail  has  in  IlL^d  published  an  essay  on  the  general  an- 
lysis  of  waters^  no  lesitviiluable  than  thatof  Beigiuati; 
miaining  all  that  has  hitherto  bce»i  done  on  the  sub- 
Cit  and  enriched  by  the  numerous  cxperiiiieiit:»  of  Mr 
irwin  bimM^lf^  tvhich  are  equally  impoHant  and  welt 
mdticted^  Mr  Kir  wan  has  given  a  oew  method  of  an* 
yVH  which  will  ptobably  be  adopltd  hetcaflcr  j  not 
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Bookn.  only  because  it  is  shorter  and  easier  than  the  Bergman- 
nian,  but  because  it  is  susceptible  of  a  greater  degree  of 
accuracy.  I  propose  in  this  Chapter  to  give  an  account 
of  this  method. 

The  analysis  of  waters  resolves  itself  into  two  differ 
rent  branches:  1.  The  method  of  ascertaining  all  the 
different  bodies  contained  in  the  water  which  we  are  ex* 
amining.  2.  The  method  ot  determining  the  exact  pro. 
portion  of  each  of  these  ingredients.  These  two  branches 
form  the  subject  of  the  two  following  Sections. 


SECT.  I. 

METHOD  or  DETKRMIVIVG  THE  INGREDIENTS  Of 
WATERS. 

1  HE  different  bodies  which  are  dissolved  and  combxnd 
in  water,  are  discovered  by  the  addition  of  certain  sub* 
stances  to  the  water  which  is  subjected  to  examinatioD. 
The  consequence  of  the  addition  is  some  change  in  the 
appearance  of  the  water  ;  and  this  change  indicates  the 
presence  or  the  absence  of  the  bodies  suspected,  'tht 
substances  thus  employed  are  distinguished  by  the  naoN 
Tcitj,  of  tests,  and  are  the  instruments  by  means  of  which  the 

analysis  of  water  is  accomplished.  They  were  first  in- 
troduced into  chemistry  by  Boyle^  and  were  gradually 
increased  by  succeeding  chemists :  but  Bergman  was 
the  first  who  ascertained  with  precision  the  degree  of 
confidence  which  can  be  placed  in  the  different  tests. 
They  still  continued  rather  uncertain  and  precariovs, 
till  Mr  Kirwan  showed  how  they  might  be  comlmifd 
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and  arranged  in  such  a  manner  a»  to  give  certain  and  ChipAY 
prccdse  indications  whcU *r  ornoi  any  particular  sub- 
stance constitutes  a  component  part  of  water.  Let  us 
consider  bj  what  mrans  the  presfcncc  or  the  abs^encc  of 
alt  the  different  substances  which  occur  in  waters  may  bo 
ascertained. 

I.  The  gaseous  bodies  contained  in  water  arc  obtain-   for  gates. 
cd  by  boiling  it  in  a  retort  lured  to  a  pneumatic  appara- 
tus.     The  method  of  separating   and   examining  these 
diJferent  bodies  shall  be  dencribed  in  the  next  Section. 

II.  The  presence  of  car  tome  acid^  not  combined  with 
a  base^  or  combined  in  excess*  may  be  detected  by  the 
ibUowing  tests;  l.  Li»»c- water  occBsions  a  precipitate 
ioluble  with  effervescence  in  muriatic  acid.  2*  The  in-> 
fuaion  of  litmus  is  rtdtiened ;  but  the  red  colour  gradu- 
ally dx  lap  pear  Sy  and  may  be  again  re  stored  by  the  addi- 
tion of  more  of  the  mineral  water  *.  3.  When  boiled 
it  loses  the  property  of  reddening  the  infu^aon  of  lit- 
mus^ 

HI.  The  mineral  acids,  when  present  uncombined  in   f^if^^^^ 
water^  give   the   iufusion  of  litmus  a  permanent   red,   ^^'^^ 
erea  though  the  water  has  been  boiled.     Bergman  has 
shown  that  paper  stained  with  litmus  is  reddened  wlien 
dipt  into  water  containing  y-f V  f  of  sulphuric  acid* 

IV.  Water  contaif>ing   sulphureted   hydrogtn  gas  is   «  .  . 
distinguished  by  the  following  properties  :  1.  It  exhales   ttd)iyar»- 
fl>«  peculiar  odour  of  sulphureted  hydrogen  gas-     2.  It   ^"^^ 


*  Whm  the  carlnmic  dtld  Is  itnconiLiriad  witli  a  bue,  tt  reddent  the 
uifiiai^ca  <if  liimiu,  thou^b  ic  onnMinrs  to  no  mctfe  cbao  otic-tixceentk  of 
ihe  btilk  «i  iKe  wicri  which  coooiitts  it.  When  »  it  comb  toed  in  eiceat 
witb  a  h^v:,  h  muK  amf)tii>t  t<'  i  i>c*&iith  of  the  bulk  of  the  water  to^io- 
Jiict  that  HTwt,— Sff  Ktrwmn  oti  Mmer*!  li'Mtnu  p-  55- 
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Alkaline 
and  earthy 
rarbonatet. 


Piled  alka- 
lies, 


Earthy  aad 

metallic 
c^rbonareiy 


ireddens  the  infusion  of  litmus  fugaciouslj.  3.  It  black<i 
ens  paper  dipt  into  a  solutic^  of  lead,  and  precipitates 
the  nitrate  of  silver  black  or  brown. 

V.  Alkalies,  and  alkaline  and  earthy  carbonates^  are 
distinguished  by  the  following  tests:  1.  The  infusion 
of  turmeric,  or  paper  stained  with  turmeric,  is  rendered 
brown  by  alkalies,  or  reddish  brown  if  the  quantity  be 
minute*  This  change  is  produced  when  the  soda  in 
water  amounts  only  to  ti'tt  pa^^t*.  2.  Paper  stain* 
cd  with  Brazil  wood,  or  the  infusion  of  Brazil  wood,  it 
rendered  blue  :  but  this  change  is  produced  also  by  the 
alkaline  and  earthy  carbonates.  Bergman  ascertained 
that  water  containing  -^-^  part  cf  carbonate  of  soda  rcn* 
ders  paper  stained  with  Brazil  wood  bloef  •  3.  Litmc) 
paper  reddened  by  vinegar  is  restored  to  its  originil 
blue  colour.  This  change  is  produced  by  the  alkatine 
and  earthy  carbonates  also.  4.  When  these  changes  are 
fugacious,  we  may  conclude  that  the  alkali  is  ammotlii. 

IV.  Fixed  alkalies  exist  in  water  which  occasions! 
.precipitate  with  muriate  of  magnesia  after  being  boiled. 
Volatile  alkali  may  be  distinguished  by  the  smell,  or  it 
may  be  obtained  in  the  receiver  by  distilling  a  portion 
of  the  water  gently,  and  then  it  may  be  distinguished  by 
the  above  tests. 

VII.  Earthy  and  metallic  carbonates  arc  precipitated 


•  The  s-inic  tlui'gj  is  produce*!  by  lime  wattr;  but  pure  lime  very 
seldom  indeed  occurs  in  mineral  wateis.  *  It  t<i  needier  to  obncrrc,  tk*r 
the  alkalies  produce  the  same  cfTtct  on  turmeric,  whether  they  be  pur: 
or  in  the  &tace  of  caibonatct.  1  he  earthy  carbonates  hsTc  no  effect  un 
turmeric. 

;  Swlpba^c  <if  lime  likewise  rcndcri  Brazil  wood  blue.  • 
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by  boiling  the  water  containing  tliem  ;  except  carbonate     C\.^\^.  W. 
of  magnesia,  wliich  is  only  precipitated  imperfectly. 

VIII.  Ircn  is  discovered  by  the  following  tests:  1.  Iron, 
The  addition  of  tincture  of  nutgalls  gives  water  contain- 
ing  iron  a  purple  or  black  colour.  This  test  indicates 
tbe  prescuice  of  a  very  minute  portion  of  iron.  If  the 
tincture  has  no  effect  upon  the  water  after  boilings 
though  it  colours  it  before,  the  iron  is  in  the  state  of  a 
carbonate.  Tbe  following  observations  of  Westrumb  on 
the  colour  which  iron  gives  to  nutgalls,  as  modified  by 
other  bodies,  deserve  attention. 

A  violet  indicates  an  alkaline  carbonate  or  earthy  salt. 
Dark  purple  indicates  other  alkaline  salts. 
Purplish  red  indicates  sulphurefrd  hydrogen  gas*. 
Whitish  and  then  black  indicates  sulphate  of  lime. 
Mr  Philips  has  lately  ascertained,  that  while  the  iron  is 
in  tbe  state  of  protoxide,  the  presence  of  lime  rather  fa- 
cilitates the  application  of  this  test ;  butthe  lime  pre- 
vents the  test  from  acting,  provided  the  iron  be  in  the 
state  of  peroxide  f.     2.  The  prussian  alkali  occasions  a 
blue  precipitate  in  water  containing  iron.     If  an  alkali 
be  present,  the  blue  precipitate  does  not  appear  unless 
the  alkali  be  saturated  with  an  acid. 

IX.  Sulphuric  acid  exists  in  waters  which  form  a  pre-   Sulphuric 
cipitate  with  the  following  saline  solutions :  *"  ' 

1.  Muriate,  nitrate,  or  acetate  of  barytes 

2 strontian 

3 .lime 

4.  Nitrate  or  acetate  of  lead. 


•  Or  rather  manganese,  acccrding  to  Kirwan. 
f  Phil,  Ma^,  luv.  349. 
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Boracic  a- 

Cid. 


Of  these  the  most  powerful  bj  far  is  muriate  of  btrytet, 
which  is  capable  of  detecting  the  presence  of  sulphuric 
acid  uncombinedy  when  it  does  not  exceed  the  miiliontb 
part  of  the  water.  Acetate  of  lead  is  next  in  point  of 
power;  The  muriates  are  more  powerful  than  the  ni- 
trates. The  calcareous  salts  are  least  powerful.  All 
these  testi  are  capable  of  indicating  a  much  smaller 
proportion  of  uncombined  sulphuric  acid  than  when  it 
is  combined  with  a  base  *.  To  render  muriate  of  ba- 
rjtes  a  certain  test  of  sulphuric  acid,  the  following  pre- 
cautions must  be  observed:  1.  The  muriate  must  bedi. 
luted.  2.  The  alkalies,  or  alkaline  carbonates,  if  the 
water  coiitain  any,  must  be  previously  saturated  with 
muriatic  acid.  3.  The  precipitate  must  be  insoluble  in 
muriatic  acid.  4.  If  boracic  acid  be  suspected^  muriate 
of  strontian  must  be  tried,  which  is  not  precipitated  hj 
boracic  acid.  5.  The  hydrosulphurets  precipitate  bi- 
ry tic  solutions,  but  their  presence  is  easily  discovered  bj 
the  smell. 

X.  Muriatic  acid  is  detected  by  nitrate  of  silver,  which 
occasions  a  white  precipitate  or  a  cloud  in  water  con- 
taining an  exceedingly  minute  portion  of  this  acid.  To 
render  this  test  certain,  the  following  precautions  are 
necessary  :  1.  The  alkalies  or  carbonates  must  be  pre- 
viously saturated  with  nitric  acid.  2.  Sulphuric  acid, 
if  any  be  present,  must  be  previously  removed  by  means 
of  nitrate  of  barytes.  3.  The  precipitate  must  be  inso- 
luble in  nitric  acid. 

XI.  Boracic  acid  is  detecled  by  means  of  acetate  of 
lead;  with  which  it  forms  a  precipitate  insoluble  iu  ace- 


•  Kirvvao  cr.  JSlhrrat  IVntcrt^  p.  65. 


WAT  MS. 


ICl 


it  acid*    But  to  render  ibis  t«t  certain,  the  alkalies     Clup.  w. 
ind  earths  must  be  previously  saturated  with  acetic  a- 
id,  and  the  sulphuric  and  muriBtic  acids  rcmcnrcd  hy 
j\%  of  aceUitc  of  ^trontian  and  acetate  of  &i]ver« 
XiL  Barytes  is  detected  by  the  insoluble  while  pre*    Barytci, 
leipilate  I^Uich  it  forms  uith  dihited  sulphuric  acid, 

XII I ♦  Lime  IS  deiecrcd  by  means  of  oxalic  acid,  which  Limc| 
Dccmsioos  a  while  precipitate  in  water  contaioing  a  very 
ntnote  proportioa  of  this  earth*  To  render  this  test 
|icct!ii\^e,  the  following  precautions  are  necessary  i  I.  The 
Biineral  acids,  if  any  be  present,  must  be  previously  sa- 
turated with  an  alkali*  2.  Barytes^  if  any  be  present^ 
nust  be  previously  removed  by  means  of  sulphuric  acid. 
>  Oxalic  acid  precipitates  magnesia  but  very  slowly^ 
hereas  it  precipitates  lime  instantly. 

XIV.  Magne&ia  and  alumina.  The  presence  of  these  Magnea>ui 
eanhs  is  ascertained  by  the  following  tests:  1.  Pure  ^  **"^ 
liTiimonia  precipitates  them  both,  and  no  other  earthy 
^provided  the  car  boric  acid  has  been  previously  scpara-» 
fced  by  a  mineral  ntkali  and  boiling.  2.  Lime-water  pre- 
cipitates only  these  two  earths^  provided  the  carbonic 
idd  be  previously  removed,  and  the  sulphuric  acid  also^ 
by  means  of  nirrate  of  bar}  tes* 

The  alumina  muy  be  separated  from  the  magnesia  af« 
both  h«ive  been  preci  pi  rated  together,  either  by  boiU 
g  the  prcctpi^aie  tn  pure  potash,   which  dissolves  the 
lumina  and   leaves  the  magneira ;  or  the  precipitate 
be  dissolved  in  mnriaiic  acid^  precipitated  byanaU 
*    nate,  dried   in  the   rfmpcrature  of  ioo**t 
i^nsed  to  the  action  of  dilutrd  muriatic  acid^ 
hicli  dissolves  ihe-magtttsia  without  touching  the  alu- 
aitia*' 
XV»  Silica  oiay  be  ascertained  by  evaporating  a  por-    ^^i 
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Book  If.  tiojj  q{  the  water  to  dryness,  and  redtssolving  tUe  pre- 
cipitate in  muriattc  acid.  The  silica  remains  behind  un- 
dissolved. 

Such  is  the  method  of  detecting  the  different  suh- 
stances  common! j  found  in  waters  <  But  as  these  dift. 
rent  substances  are  almost  always  combined  togethcri 
so  as  to  constitute  particular  salts,  it  is  not  sufficient  to 
know  in  general  what  the  substances  are  which  are 
found  in  the  water  we  are  examining  ;  we  must  know 
also  in  what  manner  they  are  combined.  Thus  it  is 
not  sufficient  to  know  that  lime  forms  an  ingredient  in 
a  particular  water ;  we  must  know  also  the  acid  with 
which  it  is  luiited.  Mr  Kirwan  first  pointed  out  bow 
.to  accomplish  this  difficult  task  by  means  of  tests.  Let 
ns  take  a  short  view  of  his  method. 

^«'pkaee»  I*  T^^  ascertain  the  presence  of  the  different  sal- 

phates. 

The  sulphates  which  occur  in  water  are  seTen  ^  but 
one  of  these,  namely,  sulphate  of  copper^  is  so  uncom^ 
mon,  that  it  may  be  excluded  altogether.  The  sane 
remark  applies  to  sulphate  of  ammonia.  It  is  aknoit 
unnecessary  to  observe,  that  no  sulphate  need  be  looked 
for  unless  both  its  acid  and  base  have  been  previouilj 
detected  in  the  water. 

i.  ALkaliue,  ^*  Sulphate  of  soda  may  be  detected  by  the  following 
method :  Free  the  water  to  be  examined  of  all  eartb]r 
sulphates  by  evaporating  it  to  one-half,  and  adding  lime* 
water  as  long  as  any  precipitate  appears.  By  this  mc;^ 
the  earths  will  all  be  precipitated  except  lime,  and  ihe 
only  remaining  earthy  sulphate  will  be  sulphate  of  line^ 
which  will  be  separated  by  evaporating  the  liquid  tilt 
it  becomes  concentrated^  and  then  dropping  into  it  a 


water  thus  purified,  m\x  solution 
|lreeipitate  appears  citlicr  tmmrdiatelj  or  on  the 
ion  of  a  little  alcohol^  it  is  a  proof  that  sulphate 
U$h  or  of  soda  is  present.  Which  of  the  two  maj 
rmtned  by  mixing  some  of  the  purified  water 
ttatc  of  bary  tcs :  Sulphate  of  barytes  precipitates, 
tsd  evaporate  to  drytiess.  Digest  the  residuum 
t>K  It  will  dissolve  the  alkaline  acetate.  Eva^. 
dryness,  and  the  dry  salt  will  deliquesce  if  it 
lie  of  potash,  but  effloresce  if  it  be  acetate  of  soda. 
Iphate  of  Itmc  may  be  detected  by  evaporating 
Icr  suspected  to  contain  it  to  a  ffew  ounces*  A 
katc  appears,  which,  if  it  be  sulphate  of  Hme,  h 
in  500  parts  of  water  ;  and  the  solution  affords 
cipitatc  with  the  muriate  of  barytes,  oxalic  acid, 
te  of  magnesia,  and  with  alcohol, 
lum  may  be  detected  by  mixing  carbonate  of  lime 
water  suspected  to  contain  it.  If  a  precipitate 
;  it  indicates  the  presence  of  alum,  or  at  lemat  6f 
of  alumina  ;  provided  the  water  contains  no 
I  of  barytes  or  meiallic  sulphates.  The  first  of 
ilts  is  incompatible  with  alum.  The  second  may 
&red  by  the  alkaline  prussiates.  When  a  preci- 
produced  in  water  by  murraie  of  lime,  CJirbo- 
lime,  and  muriate  of  magnesia,  we  may  conclude 

ntatns  alum  or  sulphate  of  alumina. 

llJpfiafe  of  magnesia  may  be  detected  by  means  of 

llphuret  of  strontian,  which  occasions  an  imme* 

ccipitate  with  this  salt  and  with  no  other ,  pro* 

be  water  be  previously  deprived  of  alum,  if  any 

Mf  l>y  means  of  c^rbt^net  of  lime,  and  provided 


4.  Calcafe* 


3.  Alum, 


4  Magfit' 
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Book  11.     also  that  it  contains  no  uncombined  acid,  nor  even  cir- 
bonic  acid. 

J.  Of  iron,  5«  Sulphate  of  iron  is  precipitated  from  water  by  al-i 
cohol,  and  then  it  may  be  easily  recognised  by  its  pco- 
perties. 

AlurUtet.  II.  To  ascertain  the  presence  of  the  different  m«- 

riates. 

The  muriates  fonnd  in  waters  amount  to  eight,  or  to 
nine  if  muriate  of  iron  be  included.  The  most  commoa 
by  far  is  muriate  of  soda« 

t.  Alkaline,  1*  Muriate  of  soda  and  of  potash  may  be  detected  bj 
the  following  method  :  Separate  the  sulphuric  acid  b^ 
alcohol  and  nitrate  of  barytes.  Decompose  the  eartbj 
nitrates  and  muriates  by  adding  sulphuric  acid.  Expel 
the  excess  of  muriatic  and  nitric  acids  by  heat.  Sepa- 
rate  the  sulphates  thus  formed  by  alcohol  and  barytes 
water.  The  water  thus  purified  can  contain  nothing 
but  alkaline  nitrates  and  muriates.  If  it  forms  a  pre* 
cipitate  with  acetate  of  silver,  we  may  conclude  that  it 
contains  muriate  of  soda  or  of  potash.  To.  asoertaia 
ivhichy  evaporate  the  liquid  thus  precipitated  to  dryness; 
dissolve  the  acetate  in  alcohol.  Evaporate  to  drynesi. 
The  salt  will  deliquesce  if  it  be  acetate  of  potash,  bat 
effloresce  if  it  be  acetate  of  soda. 

a.Barytic,  •  2.  Muriate  of  barytes  may  be  detected  by  sulphuric 
acid,  as  it  is  the  only  barytic  salt  hitherto  found  in  li- 
ters. 

3.  Calcire-         ^«  Muriate  of  lime  may  be  detected  by  the  followio| 

^^'  method :   Free  the  water  of  sulphate  of  lime  and  otber 

sulphates,  by  evaporating  it  to  a  few  ounces,  mixiag  it 
with  spirit  of  wine,  and  adding  last  of  all  nitratt  of 
barytes,  za  long  as  any  precipitate  appears.  Filter  off 
the  water,  evaporate  to  dryness,   treat  the  dry 
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ih  alcohol^  evaporate  the  alcohol  to  dryness,  aud  dis*     ^^P-  ^V# 
ve  the  residuum  in  water.      If  ihls  solution  gives  a 
^L imitate  with  acciate  of  silver  and  oxiilic  acid^  it  may 
*\n   muiiate  of  lime.      It  must  contain  it   in  that 
,  if,  after  being  treated  with   carbonate  of  lime,  it 
I*  './rccipitatc  with  ainmonia.     If  it  doc%,  sep8-» 

c  tiic  lime  by  mtans  of  oxalic  acid,  filler  and  dif^tjl 
ih  a  gcBlle  hear*  If  the  liquid  in  tiie  recover  gives 
^ecipitatc  \iith  nitrate  of  silver,  muiiate  of  lime  ex- 
^d  in  the  water. 

4.  Muriate  of  magncna  m^^y  bt  delected  by  separating   4*  Munc* 
B  the   ' ulpl^uric  acid   by  means  of  Ditiate  of  barytes* 
y  [>oiaf<-   to  dryness,  and  treat  the  dry  mass 

|iU  aitrohol.  Evaporate  the  alcobol  solution  to  dry- 
lav  aud  dissolve  the  residuum  1ji  water.  The  muriate 
magnesia,  if  the  water  contained  any,  will  be  found 
Ihis  solution.  Let  m  suppose  that,  b J  the  tests  for- 
riy  dc^crihed,  the  fresente  of  muriallc  acid  and  of 
lirrtrsia  in  litis  itoluiiou  has  been  a!)certAiDcd.  In  that 
p  if  carbonate  of  lime  affords  no  precipitate,  and  if 
iliutia  acid  and  evaporation,  together  with  the  ad- 
><ru  of  a  liiile  alcohol^  occasion  no  precipiute,  the  so- 
Xxxi  contains  only  omriate  of  magnesia*  If  tbese  lesis 
«  precipitates,  we  must  separate  the  lime  which  is 
sent  by  sulphuric  acid  and  spirit  of  wine,  and  distil 
the  acid  with  which  it  was  combined.  Then  th*-. 
gnesia  i^i  to  be  separated  by  the  oxalic  acid  and  al- 
I0I3  4nd  the  acid  with  which  it  was  united  is  to  b>^^* 
tilled  off.  If  the  liquid  in  the  retort  gives  a  precipi- 
c  vutli  niu^ate  of  silver,  the  water  contains  murialeof 


I  5.  Muiiatc  of  alumina  may  be  discovered  by  satura- 
te tbc  water,  if  it  contain  an  excess  of  alkali,  with 
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Book  IL  nitric  acid,  and  separating  the  sulphuric  acid  bj  meaos 
of  nitrate  of  barytes.  if  the  liquid  thus  purified  givei 
a  precipitate  with  carbonate  of  lime,  it  contaiaa  muriate 
of  alumina.  The  muriate  of  iron  or  of  maoganete,  if 
any  be  present,  is  also  decomposed,  and  the  iroo  prcci* 
pitAted  by  this  salt.  The  precipitate  may  be  diasdnd 
in  muriatic  acid,  and  the  alumina,  iron,  and  minganesc^ 
if  they  be  present,  may  be  separated  by  the  rules  laid 
down  in  the  next  Book. 
Nitrateii  I II .  To  ascertain  the  presence  of  the  differeut  nitrates. 

The  nitrates  but  seldom  occur  in  waters  ;  when  they  do, 
they  may  be  detected  by  the  following  rules : 
s.  Alksline,       1*  Alkaline  nitrates  may  be  detected  by  freeing  the 
water  r3|;amined  from  sulphuric  acid  by  means  of  aoe^ 
tate  of  barytes,  and  from  muriatic  acid  by  acetate  of  sil- 
ver^    Evaporate  the  filtered  liquid,  and  treat  the  dry 
mass  with  alcohol  j  what  the  alcohol  leaves  can  coniist 
only  of  the  alkaline  nitrates  and  acetate  of  lime.    Dis* 
«     solve  it  in  water.     If  carbonate  of  magnesia  occasioos  a 
precipitate,  lime  is  present.     Separate  the  limeby  meass 
^    of  carbonate  of  magnesia.     Filter  and  evaporate  to  drj* 
ness,  ar.d  treat  the  dried  mass  with  alcohol.     Thealco- 
hoi  now  leaves  only  the  alkaline  nitrates,  which  may  be 
easily  recognised,  and  distinguished  by  their  respective 
properties. 
3.  Cakare-        ^'  Nitrate  of  lime.     To  detect  this  salt,  concentrate 
out,  the  water,  and  mix  it  with  alcohol  to  separate  the  sul* 

phates.  Filter  and  distil  off  the  alcohol ;  then  separate 
the  muriatic  acid  by  acetate  of  silver.  Filter,  evaporate 
to  dryness,  and  dissolve  the  residuum  in  alcohol.  Eva- 
porate  to  dryness,  and  dissolve  the  dry  ^mass  ia  water. 
If  this  last  Solution  indicates  the  presence  of  lime  by  the 
usual  tests,  the  water  contained  nitrate  of  lime. 
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detect  nitrate  of  magnesit^  the  water  is  to  be    Chap.  IV.^ 

I  sulphates  and  muTtatcs  exactly  as  desciibcci    ^  Magne- 
paragraph.     The  liquid  thus  purified  is  to  ***" 

ated  to  dryness,  and  the  residuum    treated 
ihoL     The  alcohol  solution  is  to  be  crraporated 

s,  and  the  dry  mass  dissolved  in  water.     To 
ion  pota;^  is  to  be  added  as  long  as  any  precis 

trs.  Tl>e  solution  filtered^  and  again  evapo* 
IrynesSy  is  to   be    treated  with  alcohol.     If  it 

siduum  consisting  of  nitre  (the  only  residuum 
can  leave),  the  wat^r  con tained  nitrate  of  en ag- 

krc  the  methods  by  which  the  presence  of  the 
saline  contents  of  waters  nciay  be  ascertained, 
lur^f  analysts  n>ay  be  considerably  shorteQcd^  jncocDpit*^ 
Nring  that  the  following  salts  are  incompatible 
other,  and  cannot  exist  together  in  water  ck« 
ry  minute  proportions  *.  i 

XTS  Ikcowpatible  with 

alkaline  sul-  (  Nitrates  of  lime  and  magnesia, 

\ ,. C  Muriates  of  lime  and  magotKb. 

C  Alkalies, 
itc  of  lime      y  Carbonate  of  tnagnesia, 
^  Muriate  of  bary  tcs. 
Alkaliesi 
Muriate  of  barytes, 

■«••««•#*••••  <^  Nitrate,  muriatCi  carbonate  <if 

lime. 

Carbonate  of  magnesia. 


♦  See  Ikifwan  on  Msntrst  v«rtrrr,  pw»i« 
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^^'^"-     .   c  1  u  .     r  C  Alkalies, 

I  '  t    4,  Sulphate  of  magne-N  ^^     .      '     , 

)  IMunate  of  barytes, 

^Nitrate  and  muriate  of  lime. 

r  Alkalies, 
6.  Sulphate  of  iron      ^  Muriate  of  barytes, 

^  Earthy  carbonates. 

C  Sulphates, 
6.  Muriate  of  barytes  j  Alkaline  carbonates, 

^Efirthy  carbonates. 

r  Sulphates,  except  of  lime, 
•7.  Muriate  of  lime      ^  Alkaline  carbonates, 

^Carbonate  of  magnesia. 
8.  Muriate  of  magne-  C  Alkaline  carbonates, 
8ia.».., C  Alkaline  sulphates. 

C  Alkaline  carbonates, 
Q»  Nitrate  of  lime      ^  Carb.  of  magn.  and  alumina, 

^Sulphates,  except  of  lime. 
Besides  the  substances  above  described,  there  is 
sometimes  found  in  water  a  quantity  of  bitumen  com^ 
bined  with  alKali,  and  in  the  state  of  soap.  In  such 
waters  acids  occasion  a  coagulation  ;  and  the  coagulum 
collected  on  a  filter  discovers  its  bituminous  nature  by 
its  combustibility. 

Water  also  sometimes  contains  extractive  matter  ;  th« 
presence  of  which  may  be  detected  by  means  of  niirat  c 
of  silver.  The  water  suspected  to.  contain  it  must  U^ 
freed  from  sulphuric  and  nitric  acid  by  means  of  dL  • 
trate  of  lead.  After  this,  if  it  gives  a  brown  predpE 
tate  with  nitrate  of  silver,  we  m?y  conclude  that  cxtracr 
tive  matter  is  present  *. 


t  \Vc«'ni:i*t. 
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SECT.  IL 


METHOD  OF  D£T£R>IINiKG  THE  rROro&TlOK  OF  THE 
INCREDIEHTS. 


1^      1 

I 


X  «E  proportion  of  salbc  ingredients^  held  in  solution 
by  any  water*  may  be  in  sorac  measare  estimated  from 
its  speciiic  gravity.  The  Ughier  a  water  is,  the  less  sa- 
line  matter  does  it  contain  ;  and,  on  the  other  hand,  the 
heavier  it  is,  the  greater  is  the  proportion  of  saline  con- 
tents,    Mr  Kirwan  has  pointed  oat  a  very  ingenious 
meihod  of  estimating  the  saline  contents  of  a  mineral 
water  whose  specific  gravity  is  known  ;  so  that  the  er- 
ror doe*  not  exceed  one  or  two   parts  in  the  hundred. 
The  method  is  this :   Subtract  the  specific  gravity  of  FmnmU 
pure  water   from   the   specific  gravity  of  the  mineral   |'i^^  *^'| •  ),"^ 
Water  examined  (both  expressed  in  whole  numbers),  and   conrent*  vi 
mtiUipIy  the  remainder  by  1'4.     The  product  is  the 
nlisie  contenti  in  a  quantity  of  the  water  denoted  by 
the  number  employed  lo  indicate  the  specific  gravity  of 
distilled  water.     Thus  let   the  water  be  of  the  specific 
gravity  1*019,  or  in  whole  oumbers  1019.     Then  the 
specific  gravity  of  distilled  water  will  be  lOQO*     And 

1079  —  JOOO  X  1"4=  110*6=:saline  contents  in  looo 

parts  of  the  water  rn  question  ;  and  consequently  li -oe 

i«  loO  pans  of  the  same  water  •.     This  formula  will 

[pftea    be  of  considerable  use,  as  it  serves  as  aktnd<>f 


water. 


f  Kirwin  on  Mineral  fVttitrft  p>  145. 
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Book  II.  standard  to  which  wc  may  compare  our  analysis.  Th^ 
saline  contents  indicated  by  it  are  supposed  to  be  freed 
from  their  water  of  crystallization  ;  in  which  state  only 
they  ought  to  be  considered,  as  Mr  Kirwan  has  vciy 
properly  observed,  when  we  speak  of  the  saline  coo- 
tents  of  a  mineral  water. 

Having  by  this  formula  ascertained  pretty  nearly  the 
proportion  of  saline  contents  in  the  water  examined, 
and  having  by  the  tests  described  in  the  last  Section de- 
termined  the  particular  substances  which  exist  in  it»  let 
us  now  proceed  to  ascertain  the  proportion  of  each  of 
these  ingredients. 

I.  The  different  aerial  fluids  ought  Co  be  first  aeps- 

*    ;ated  and  estimated.     For  this  purpose  a  retort  ought 

to  be  filled  two-thirds  with  the  water,  and  connected 

with  a  jar  full  of  mercury,  standing  over  a  mercorisl 

To  estimate  **'®'*g**'     Let  the  water  be  ^ade^boil  for  a  quarttr 

|l»^giieou«  of  an  hour.     The  aerial  fluids  will  pass  over  into  the 

jar.     When  the  apparatus  is  cool,  the  quantity  of  air 

expelled  from  the  water  may  be  determined  either  by 

bringing  the  mercury  within  and  without  the  jario a 

level ;  or  if  that  cannot  be  done,  by  reducing  the  air  to 

the  proper  density  by  the  formulas  given  in  the  first 

Chapter  of  the  last  Book.     The  air  of  the  retort  onght 

to  be  carefully  subtracted,  and  the  jar  nHist  be  divided 

into  cubic  inches  and  tenths. 

The  only  gaseous  bodies  contained  in  water  are  com* 
mon  air,  oxygen  gas,  azotic  gas,  carbonic  acid,  sulphu- 
reted  hydrogen  gas,  and  sulphurous  acid.  The'  last 
two  never  exist  in  water  together.  The  presence  of 
cither  of  them  must  be  ascertained  previously  by  the 
application  of  the  proper  tests.  If  sulphureted  hydrogen 
gas  be  present,  it  will  be  mixed  with  the  air  contained 


WATER?, 

|o  the  glnn  jur,  tnd  mu«t  be  separated  before 
be  exatnlncd.  For  this  purpose,  the  jar  must  be  carried 
into  a  tub  of  warm  water,  and  nitric  acid  inlroduccdy 
which  will  absorb  the  sulpbureied  hydrogen-  The  re* 
siduiim  is  then  to  be  again  put  into  a  mercurial  jar  and 
examined. 

If  the  water  contain  sulphurous  acid,  this  previous 
mtep  IS  not  necessary.  Introduce  Into  the  air  a  solution 
of  jmrc  potash,  and  agitate  the  whole  gently.  The  car- 
)>c}tiic  acid  and  sulphurous  acid  gas  will  be  absorbed^ 
*Bf)d  leave  the  other  gases.  Kstimate  the  bulk  of  thjs 
residuum  -,  this,  subtracted  from  the  bulk  of  the  whole^ 
will  give  the  bulk  of  the  carbonic  acid  and  sulphurous 
ftcids  absorbed* 

,  Evaporate  the  potash  slowly  nearly  to  dryness,  and 
Reave  ft  earposed  to  the  atmosphere.  Sulphate  of  pot- 
ash will  be  formed,  which  may  be  separated  by  dissol- 
ving the  carbonate  of  potash  by  means  of  diluted  mori- 
«tic  acid  and  filtering  the  solution.  lOO  Grains  of  sul- 
phate of  potash  indicate  30  grains  of  sulphurous  acid, 
or  42*12  cubic  inches  of  that  acid  in  the  state  of  gas. 
The  bulk  of  sulphurous  acid  gas  ascertained  by  this 
method,  subtracted  from  the  bulk  of  the  gas  absorbed 
^y  the  potash,  gives  the  bulk  of  the  carbonic  acid  gas. 
^ow  100  cubic  inches  of  carbonic  acid,  at  the  tempe- 
rature of  00®  and  barometer  30  inches,  weigh  46'393 
ritas.  Hence  it  is  easy  to  ascertain  its  weight* 
The  air  which  remains  after  the  separation  of  the 
carbonic  acid  gas  is  to  be  examined  by  the  different 
cudiometrical  methods  described  in  the  last  Book. 

When  a  water  contains  sulphureted  hydrogen  gas, 
(he  bulk  of  this  gas  is  to  be  ascertained  in  the  following 
Banner ;  Fill  three^fourths  of  a  jar  with  the  water  to 
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Book  n.      tc  examined,  and  invert  it  in   a  water  trough,  and  in- 
troduce a  little  nitrous  gas.     This  gas,  mixing  with  the 
air  in  the  upper  part  of  the  jar,  will  form  nitrous  acid, 
which  will  render  the  water  turbid,  b_v  decomposing  the 
sulphureted  hydrogen  and  precipitating  sulphur.     Con- 
tinue to  add  nitrous  gas  at  intervals  as  long  as  red  fumes 
appear,  then  turn  up  the  jar  and  blow  out  the  air.     If 
the  hepatic  smell  continues,  repeat  this  process.     The 
sulphur  precipitated  indicates  the  {.roportion  of  hcptic 
gas  in  the  water ;   one  grain  of  sulphur  indicating  the 
presence  of  3*33  cubic  inches  of  that  gas. 
Tocstimate        ^^'  After  having  estimated  the  gasci*us  bodies,  the 
the  earthy     j^^^^  ^^^^  jj.  ^q  ascertain   the*pro|>ortions  of  the  earth? 
carbonates.  '^  ...  . 

carbonates.     For  this  purpose  it  is  necessary  to  deprive 

the  water  of  its  sulphureted  hydrogen,  if  it  cootains 
any.  This  may  be  done,  cither  by  exposinjr  it  to  the 
air  for  a  considerable  time,  or  by  treating  it  with  li. 
tharge.  A  sufficient  quar.t  :ty  of  the  water  tlius  purified 
(if  necessary)  is  to  be  boiltd  for  a  quarter  of  an  hour, 
and  Altered  when  cool.  The  earthy  carbonates  remain 
on  t])c  filter. 

The  precipitate  il.iis  obtair-cd  may  be  carbonate  of 
lime,  of  mr.gncsia,  of  iron,  of  alumina  ;  or  even  sulphate 
of  lime.  Let  us  suppose  all  of  tlvtse  substances  to  be 
prcjcnt  together.  Treat  the  mixture  with  diluted  mu- 
riatic acid,  which  will  dissolve  the  whole  except  the 
alumina  and  sulphaic  of  lime.  Dry  thi^  residuum  in  a 
red  heat,  and  note  tlie  v;c;::i:t.  Then  bull  it  in  carbonate 
of  soda:  saturate  tlic  soda  with  muriatic  acid,  and  boil 
the  mixtuic  for  h.alf  an  luiur.  Carbonate  of  lime  and 
alumina  ^.recii.il.  Lc.  Dry  tl.is  i>i\'ci|  itate,  and  treat  it 
with  .acetic  uciwi.  Tlic  Wav^  ulll  be  dissolved,  and  the 
alumina  will  reniuin.     Dry  it  and  weigh  it.     Its  wcig^^t 


VfATtSiB, 


lis 


ted  from  the  original  weight  gives  the  proportion    Ch^p^Vf,^ 

sialph^te  of  lime* 

I  The  muriauc  solution  contains  lime,  magnesisi,  aod 

Add  anriVnooia  as  long  na  ^  fcdilish   precipitate 

ijlears*     The  uon  and  pari  pf  the  magnesia  arc  thus 

l>arated.     Dry  the  pfccipitate,  tnd  expose  ft  to  llie 

ir  for  home  time  in  a  heat  of  200^  }  than  treat  it  with 

ptUQ  acid  to  disfsolve  the  (nagneMa«  which  solution  b 

E>  be  added  to  the  nDttriatic  solution.     The  iron  is  to 

jB  redis'olved  in  muriatic  acid,  precipitated  by  an  alka- 

ne  carbonate,  dried,  and  weighed. 

d  sulphuric  acid  to  the  muriatic   solution  as  long 

y  precipitate  Appears  $  then  heat  the  solution  and 

oenlrnte.     Heat   the  sulphate  of  lime  thus  obtained 

redne&s,  and  wci^h  it.      l  oa  Grains  of  'u  arc  equiT;^- 

nt  to  lU  of  ciiibonate  of  lime  dfied.     Precipitate  the 

lagnesia  bjr  oneans  af  carbonate  of  aoda.     Dry  it  and 

i^^eigh  it.     But  as  pnrt  remains  in  solution,  eyaporato 

o  dryneaiSp  and  wQ!»h   the  rc^iduam   ^iih  a  sufticient 

lity  of  oistiUc^d  water  to  dii^solve   the  muriate  ot 

ajid  the  sulphate  of  Jime,  if  any  be  fltil)  preseol.^ 

at  remains  behind  is  carbonate  ot  magnesia.  Weigh 

tt^  and  add  its  weight  to  the  former.     The   sulphate  oi 

hwc,  if  any,  must  also  he;  ^pars^ted  and  weighed > 

HI,  Let  us  now  consider  the  method  of  ascertaining    ei ImacJon 

he  L  \^a  of  mineral  acids  or  alkalies,  if  any  be    otilicmi- 

,  ncrJacidt, 

}tc^  (libined.     Ihe  acids  which  may  be  present 

[onutting  the  gaseous)  are  the  sulphuric,  muriatic,  and 

^oracic. 
i*  The  proportion  of  sulphuric  acid  is  easily  deter- 
tned.     Satur;ite  it  \^itii  barytes  water,  and  ignite  the 

recipitttc.     lOD  Grains  ol  sulphate  of  barytes  thu$ 
limed  indicate  23'5  oi  real  sulphuric  acid* 
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JUioV  II,  o.  Saturate  the  mnriatic  acid  with  barjtes  watefi  and 

tlien  precipiute  the  barjtes  by  sulphuric  acid.  One 
hundred  parts  of  the  ignited  precipitate  are  eqaivaleot 
to  21  grains  of  real  muriatic  acid. 

3.  Precipitate  the  boracic  acid  by  means  ofacetattof 
lead.  Decompose  the  borate  of  lead  by  boiling  it  in  8iil« 
phurtc  acid.  Evaporate  to  dryness.  Dissolve  the  bo-* 
racic  acid  in  alcohol,  and  evaporate  the  solution  ;  the 
acid  left  behind  may  be  weighed, 
fac  o^  4.  To  estimate  the  proportion  of  alkaline  carbeotle 
^'^'^  present  in  a  water  containing  it;  saturate  it  with  sul- 

phuric acid,  and  note  the  weight  of  real  acid  necesstrj. 
Now  100  grains  of  real  sulphuric  acid  sattirate  121*48 
potash,  and  78*32  soda. 

To  citiir.tte       J  V.  Let  us  now  consider  the  method  of  mscertaininr 
•ulphaces.  , 

the  proportion  of  the  different  sulphates*    These  are  sis 

in  number  ;  the  alkaline  sulphates,  and  those  of  liae^ 

alumina^  magnesia,  and  iron. 

u  Alkilinc,  j^  'YYit  alkaline  sulphates  may  be.  estimafed  by  pre- 
cipitating their  acid  by  meansof  nitrate  of  barytes;  having 
previousfy  freed  the  water  of  A\  other  sulphates:  for 
170  grains  of  ignited  sulphate  of  barytes  indicate  10  o 
grains  of  dried  sulphate  of  soda  ;  while  136*80  grains 
of  sulphate  of  barytes  indicate  100  of  dry  sulphate  of 
potash. 

%.  Calcare-  o.  Sulphate  of  lime  is  easily  estimated  by  eyapotattn^ 
the  liquid  containing  it  to  a  few  ounces  (having  pre- 
viously saturated  ttie  earthy  carbonates  with  nitric  acid), 
and  precipitating  the  sulphate  of  lime  by  means  of  weak 
alcohol.     It  may  be  then  dried  and  weighed. 

3  Alinii-  3,  XIjc  quantity  of  alum  may  be  estimated  by  preci* 

pitating  the  alumina  by  carbonate  of  lime  or  of  magne- 
sia (if  no  lime  be  present  in  the  liquid).    Twelve  grains 


WAIAM* 
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tbe  alumina  heited  to  infiMdescence  indicate  100  of    CfniKlt 

mailiied  aIom>  or  4^  of  tbe  dried  salt. 

4«  Sulpbate  of  msigne&ia  may  be  esUmaEed^  pfovided 
other  sulphate  be  present,  by  precipitating  the  acid 
4i»eai;$  of  a  barytic  sait»  s^s  100  parts  of  ignited  sul- 

B^  of  birytes  indicate  32*11  of  sulphate  of  magnesia, 
tolphate  of  lime,  and  no  other  sulphate  accompany  ir, 

ih  last  may  be  decomposed,  and  the  lime  precipitated 

f  cmf  bonaie  of  magnesia.     The  weight  of  the  lime  thus 

buined  enables  us  to  ascertain  the  quantity  of  sulpbate 

^^  ODuined  in  the  water.     The  whole  sulphuric 

en  to  be  precipitated  by  barytes.     This  gives 

b^qnaotiiy  of  sulphuric  acid  i  and' subtracting  the  por. 

an  which  belongs  to  the  sulphate  of  lime,  there  re- 

P',  that  which  was  combined  with   the  magnesia^ 
^lilch  the  sulphate  of  magnesia  may  be  easily  es- 

Ifsulphate  of  soda  be  present,  noearlhy  nitrate  or  mu» 
s^tc  tan  exist.  Therefore,  if  no  other  earthy  solpfiate 
B  pr^enty  the  magnesia  may  be  precipitated  by  sodA^ 
ried^aiMl  weighed  ;  S&*68  grains  of  wKich  indifcale  XOu 
rains  of  dried  sulphaie  of  magnesia.  The  same  pro- 
Mfucoeeds  wh«n  sulphate  of  lime  accompanies  these 
mo  sulphates  ;  only  in  that  case  the  prcctpitale^  which 
[insists  both  of  lime  and  magoesidt  i^  to  be  dissolved 
I  sulphuric  acid,  evaporated  to  drjrne^is,  and  treated 
itb  twice  its  weight  of  cold  water  j^hich  dissolves  the 
itphate  of  magnesia^  and  leaves  ihe  other  salt.  Let  tbe 
il|>bale  of  magnesia  be  evaporated  to  dryness,  exposed 

a  beat  of  iOO^,  and  w<*ighed.  The  same  process 
ooeedt  if  alum  be  present  instead  of  sulphate  of  lime. 
The  precipitate  in  that  case,  previously  dried^is  to  be 
►a led  with  acetic  actd^  which  dissolves  the  magnft- 
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,  B(K;k  If.  sia  and  leaves  the  ahiminfi.  The  magne&ia  may  U 
again  precipitated^  dried,  and  weighed.  If  sulphate  of 
iron  be  present,  it  may  be  separated  by  exposing  the 
water  to  the  air  for  some  days^  and  mixing  with  its 
portion  of  alumina.  Both  the  oxide  of  Iron  and  the  saU 
phate  of  alumina,  thus  formed,  precipitaie  in  the  state  of 
an  insoluble  powder.  The  sulphate  of  magnesia  nay 
then  be  estimated  by  the  rules  above  explained. 

5,  01  iron.  g^  Sulphate  of  iron  may  be  estimated  by  precipitaiiog 
the  iron  by  means  of  prussic  alkali,  having  previosslj 
determined  the  weight  of  the  precipitate  produced  ij 
the  prussiate  in  a  solution  of  a  given  weight  of  sulphste 
of  iron  in  water.  If  moriate  of  iron  be  also  preiful, 
which  is  a  very  rare  case^  it  may  be  separated  by  evi* 
porating  the  water  to  dryness,  treating  the  residunm 
with  alcohol,  which  dissolves  the  mDriate,  and  leaves 
the  sulphate.  Or  the  sulphate  may  be  estimated  wiik 
great  precision  by  the  rules  laid  down  by  Mr  Kir* 
wan  •. 

Eftimation         ^'  ^^  "*  "^^  Consider  the  method  of  estimating 

of  muriates,  the  quaiftity  of  the  different  muriates  which  may  exist 
in  waters. 

X  Alkaline  ^^  muriate  of  potash  or  of  soda,  without  any  ether 
salt,  exist  in  water,  we  have  only  to  decompose  them 
by  nitrate  of  silver,  and  dry  the  precipitate  ;  for  2IT63 
of  muriate  of  silver  indicate  100  of  muriate  of  potash^ 
and  235  of  muriate  of  silver  indicate  100  of  commoa 
salt. 

The  same  process  is  to  be  followed  if  the  alkaline 
carbonates  be  present  ;  cnl}  thest   c.^rbnr.ates  mustbc 
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»e  sulphates  without  the  presence  of  iny  other  salt, 
ipove  the  «iai  simmoniflc  by  bar^tt*  water,  exptl 
nmonia  l:j  boiling,  prccipicatc  llje  barvts  by  di- 
rSulphunc  acid,  saturate  the  mUiiatic  acid  with 
Iff  he  sulphate  of  barytes  thus  precipitated  indi- 
IBc  tji-  r  muriate  of  am  mania  ;   ion  j^rains 

phur  1  ^  4y*u9  grains  of  ihut  saU.     li' suU 

»  be  preaent  iu  the  solutioni.they  ought  to  be  pre- 
\j  separated « 

npmcu  salt  be  accompanlctl  by  munuie  of  llftiC,  a,  Eirthf. 
Kuf  magnthia,  rnuriate  of  alumin^^  or  muiiatc  of 
Kj^j  all  of  these  together,  without  any  other  sahs» 
Irths  may  be  precipitated  by  btrytes  waier>  and 
olved  in  muriutlc  add.  Thty  are  then  to  be  se- 
bd  from  each  other  by  the  rules  formerly  laid 
;  and  tbeir  weight  being  determined*  indicAles  the 
|gr  of  every  pat ticular  eatthy  murl  -  T 

Hratrr,       For   50  grains  of  hmc  jr^ 
mtiriatc  of  lime  \  'JO  f^rains  of  tnagnevta  indicate 
)f  the  muriate  of  Uut  earth  i  aiid  22  *B  gmirja  of 
ua  indicate  loo  of  the  muriate  of  atumiQa,     The 

»is  to  be  separated  from  the  Tkolution  by  suiphu- 
|,  and  the  uiuriatic  '^cld  exptlled  by  heat»  or  sa« 
with  so<1a ;  the  comiDi/n  i.ah  may  then  be  %%^ 
ned  by  evaporation,  subiracnng  in  the  lau  ca^e 
roportioQ  of  commoti  salt  iudicated  by  the  known 
ity  of  mun*iic  acid  irom  whieb  the  earths  bad 
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^^^^  ^^' .  When  sulphates  and  muriates  exist  together,  they 
ought  to  be  separated,  either  by  precipitating  the  sol- 
phates  bj  means  of  alcohol,  or  by  evaporating  the  whok 
to  dryness,  and  dissolving  the  earthy  muriates  in  b1oo» 
hoi.  The  salts  thus  separated  may  be  estimated  by  the 
rules  already  laid  down. 

When  alkaline  and  earthy  muriates  and  sulphate  of 
lime  occur  together,  this  last  salt  is  to  be  decomposed 
by  means  of  muriate  of  bary tes.  The  precipitate  asoer* 
tains  the  weight  of  sulphate  of  lime  contained  in  the  wa- 
ter. The  estimation  is  then  to  be  conducted  as  whea 
nothing  but  muriates  are  present ;  only  from  the  mnri. 
ate  of  lime  that  proportion  of  muriate  must  be  deducted 
which  is  known  to  have  been  formed  by  the  infusioa 
of  the  muriate  of  bary  tes. 

When  muriates  of  soda,  magnesia,  .and  alumina,  are 
present  together  with  sulphates  of  lime  and  magneni, 
the  water  to  be  examined  ought  to  be  divided  into  two 
equal  portions.  To  the  one  portion  add  carbonate  of 
magnesia  till  the  whole  of  the  lime  and  alumina  be  pre- 
cipitated. Ascertain  the  quantity  of  lime,  which  gives 
the  proportion  of  sulphate  of  lime.  Precipitate  the  soU 
phuric  acid  by  muriate  of  barytes.  This  gives  the  quan- 
tity contained  in  the  sulphate  of  magnesia  and  sulphste 
of  lime ;  subtracting  this  last  portion,  we  have  the 
quantity  of  sulphate  of  magnesia. 

From  the  second  portion  of  water  precipitate  all  the 
magnesia  and  alumina  by  means  of  lime-water.  The 
weight  of  these  earths  enables  us'to  ascertain  the  weight 
of  muriate  of  magnesia  and  of  alumina  contained  in  the 
water,  subtracting  that  part  of  the  magnesia  whtdi 
existed  in  the  state  of  sulphate,  as  indicated  bj  the  ex- 
amination of  the  first  portion  of  water.    After  thia  ear 
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Then  precipitato  the  whole  of  the  lime  hy  tulphuric 
acid  i  and  subtracting  from  the  whole  of  the  sulphate 
thus  formed  that  portion  formed  by  the  carbonate  of 
lime  added,  and  by  the  lime  contained  in  the  muriate^ 
the  residuum  gives  us  the  lime  contained  in  the  origin 
nal  nitrate  ;  and  35  grains  of  lime  form  100  of  dry  iu« 
Irate  of  lime. 
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MINERALS. 


the  solid  materials  of  which  this  globe  of  ours  is 
1  posed  have  received  the  name  oi  minerals  ,-  and  that 
ncfa  of  cheinistrj  u  hich  treats  of  them  is  distinguish- 
bj  the  title  of  Mineralogy.  These  sub!»tance5» 
Hcut  doubt^  must  have  at  all  times  attracted  tlie  at- 
tion  of  mankind;  because  from  them  alone  aredrawa 

kctah,  stones,  and  other  similar  substances  of  in^ 
isablc  use.  But  it  is  only  very  lately  that  the 
fcliod  of  ascertaining^  the  component  parts  of  these 
^s&tances  was  discovered,  or  that  it  was  possible  to 
criibe  them  so  as  to  be  intelligible   to  others.     From 

fcients  no  information  of  any  consequence  on  these 
is  to  be  expected.     The  whole  science  of  mine- 
has  been  created  since  the  year  1770,  and  is  at 
t  advancing  towards  perfection  with  astonishing 
lity*     New  minerals  are  every  d:iy  described  and 
,  collections  are  every  where  forming,  and  tra« 
lof  discovery  arc  sticceeding  each  other  without  in* 
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Book  ITT.  termis$io0.  The  fruit  of  these  labours  has  been  die 
discovery  of  no  less  than  five  new  earths  and  eight  new 
metals  ;  besides  a  vast  number  of  useful  minerals  which 
had  been  formelj  pn known  or  disregarded. 

Mineralogy,  as  far  as  it  is  a  chemical  science,  in- 
cludes under  it  three  different  topics;  namely,  1.  Aa 
account  of  the  properties  and  constituents  of  minerals. 
2.  An  account  of  the  various  combinations  which  these 
bodies  form ;  or  of  cpmpQund  m^ncral^p  as  they  have 
been  called.  3.  The  art  of  analysing  minerals.  These 
Ihree  tppics  will  occupy  ofir  attentioo  in  their  older. 
But  as  a  technical  language  has  been  adopted  by  mine- 
ralogists in  their  descriptions,  it  will  be  necesstfy,  ia 
the  ifirst  place,  in  order  to  render  this  Book  intelUgibif| 
^  premise  ^  few  observations  on  tl^t  subject. 
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[E  DESCRIPTION  OF  MINERALS. 


UTinHG  dt  first  sight  appears  emsier  than  to  describe 
lineral,  and  jet  in  realitj  it  is  attended  with  a  great 
i  ai  diiBcultjr*  The  mberalogical  descriptions  of  the 
ients  are  so  loose  and  inaccurate^  that  matiy  of  the 
Derals  to  which  they  allude  cannot  be  ascertained  ; 
1  consequently  their  observations^  however  valuable 
Ihemsclves,  are  often,  as  far  as  respects  o$,  altoge- 
:r  lost.  It  is  obvtouSy  that  to  distinguish  a  mineral 
im  every  other,  we  must  cither  mention  some  pecU'. 
r  propert}^,  or  a  collection  of  properties,  which  estist 
etber  in  no  other  minerak  These  properties  muu 
described  in  terms  rigidly  accurate,  which  convey 
CISC  ideas  of  the  very  properties  intended,  and  of  no 
«r  properties.  The  smallest  deviation  from  this 
uld  lead  to  confusion  and  uncertainty.  Now  it  is 
possible  to  describe  minerals  in  this  manner^  unless 
s^  be  a  peculiar  term  for  each  of  their  propertieSp 
I  iinless  this  term  be  completely  understood*  Mioe- 
ogy  therefore  must  have  a  language  of  its  own  i  th^t 
:o  say,  it  must  have  a  term  to  denote  every  mincra- 
ical  property,  and  each  of  these  terms  must  be  accu^ 
eIj  defined.    The  language  of  mineralogy  was  invent- 


gookm.  cd  by  the  celebrated  Werner  of  Freybcrg,  «od  first 
made  known  to  tlie  world  by  the  publication  of  his 
treatise  on  the  External  Characters  of  Minerals » 

The  object  of  this  celebrated  philosopher  was  to  in- 
X'ent  a  method  of  describing  minerals  with  such  preci. 
sion,  that  every  species  could  readily  be  recognised  by 
those  who  were  acquainted  with  the  terms  employed. 
For  this  purpose,  it  was  necessary  to  make  use  of  those 
properties  only  which  presented  themselves  to  our 
senses  on  inspecting  the  mineral.  These  accordingly 
were  chosen,  and  called  by  Werner  external cburacters  ,• 
because  they  may  be  ascertained  wjthoat  destroying  the 
mineral  ex  tmined.  The  following  is  a  short,  sketch  of 
the  language  invented  by  Werner,  and  employed  by 
him  in  the  description  of  minerals  ^. 

He  divides  the  characters  of  minerals  into  two  kindly 
namely,  general  and  particular. 

The  general  characters  are  the  following :  1 .  Colour  5 
2.  Cohesion;  3.  Unctuonity;  4.  Coldness j  5.  Weight; 
o.  Smell ;  7.  Taste. 

The  particular  cliaractcrs  are  the  following  :  1.  As. 
peet  of  tlie  surface  ;  J .  Aspect  of  the  fracture  ;  3.  As- 
pect of  the  distinct  coiicrclioiis  ;  4.  General  aspect; 
5.  Hardness  ;  CJ.  Tenacity  ;  7.  Frangibility ;  8.  Flex- 
ibilify  ;  9.  Adhesion  to  the  tonouc  ;   10.  the  sound. 

r      ■    ■ 

\.  General  Characters.    . 
C:.lour.  ]^  CIoLOUR.  Th'.'  colonrs  of  minerals  arc  extremely 

various.     Werner  conceives  eight  fundamental  eoloars^ 


'  ■■  .  - 

*  T'  r  a  more  c -nipLtc  view  o(  rhii  important  subject,  the  reader  m 

-r^rrcv!  to  IViTc-.-or  J  .:iu.ko:/a  tre.it:>c  on  t!ie  Exirrmjl  CharaHerj  ^Vi- 
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describes  sll  the  others  as  compounds  irf  various 
proporttoas  of  ihcsc.     The  fundaniental  colours  are^ 
1.  Snow  white.     The  coloar  of  new  fallen  *tjow, 
2*  Ash  grey.     The  colour  of  well  burnt  wood  athes, 
3.  Velvet  black.     The  colour  of  b^ack  velvct» 
4-  Berlin  blue.     The  colour  of  prusjiian  blue. 
5.  Emerald  green.     The  colour  of  the  emrrald.       ' 

0.  Lemon  yellow*     The  colour  uf  ripe  lemons. 

1.  Carmine  red,  * 
8*  Chcsnut  browD*     The  colour  o£  the  ripe  cliestiut. 
The  followiBg  Tabic  exhibits  the  principle  tnibordp- 

nate  colours^   placed  in  tlic  order   in  which   they  pass 
iGto  each  other  : 

1.  White f. 

Snow  white* 

Krddish  whjte^      Snow  white  with  a  little  crtmso^ 
red  and  ash  grey* 

Yellowish  white.     Snow  white  with  a  Utile  lemon 
7«lkiw  and  ash  grey^ 

Silver  white.    Yellowish  white  \\\\\\  a  metaliiciusirf*. 

Greyish  while.     Snow  white  with  a  little  a^h  grey. 
-     Gteenish  white.      Snow  wliite  with  a  Hitle  emerald 
n  and  ash  grey. 

MUk  white.      Snow  white  with  a  little  Berlin  blu* 
and  ash  grcj. 

Tin  white. 


Chip.  £ 


Lead  grey^ 
;^li£  lustre. 

Bluish  grey. 

Smoke  grey 

Pearl  grey* 
f>Iue. 


Milk  wliite  of  a  metallic  Itistrc. 
2*  Grtys* 

Ash  grty  tviiU  a  little  blue  and  the  mc- 

Ash  gi'cy  with  a  little  blue. 
,    Ash  grey  with  a  little  brown. 
Ash  grey  with  a  lutle  crimson  red  and 
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MitfS.^       GtHUMk  grej.     Ash  grej  with  a  lictk 
grecDp  and  tomctiiiiet  a  trace  of  jdlow. 

TeUowbh  grcj.    Ash  gttj  with  lemoii  jallow  snd 
a  trace  of  brown. 

Ash  grej.  . 

Steel  grej.  Ash  grey  with  alittle  blue  and  t  mctaL 
lie  lustre.     ^ 

3.  Blacis. 

Greyish  black.  Velvet  black  with  a  Uttle  ash  gnj, 

Iroo  Uack.    Darker  than  the  preceding  with  a  im. 
tallic  lustre. 

Velvet  black.       . 

Pilch  black.    Velvet  JohA  with  a  little  brown  sal 
•  yellow. 

Raven  bUick.     Velvet  Uad^  with  a  little  bcORDi 
yellow^  and  green. 

Bluish  black.    Velvet  black  with  a  little  blue. 

Indigo  bine.  Berlin  Uoe  with  giiey  and  a  little  bladst 

Berlin  blue. 

Azure  blue.   Berlin  bine  with  a  little  redt 

Violet  blue.    Berlin  blue  wfth  much  red  aad  a  litde 
brown. 

Plum  blue.     The  preeeding  with  more  red  and  s 
very  little  Uack. 

Lavender  Uue.  Violet  blue  with  a  little  grey. 

Smalt  blue.  Berlin  blue  with  white,  a  little  grey. 
and  a  trace  of  red. 

Sky  blue.    Berlin  blue,  white,  and  a  littb  MDersH 
green. 

5.  Grans, 

Verdigris  green.    Emerald  green  with  aBoh  BdHia 
blue  and  a  little  white. 
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Tlie  pre eedln^  with  amixttifeof  nAgrey* 

Mountain  grccD*    Verdigris  green  with  a  Uille  yel* 
^i>h  grey. 

Emerald  green. 

Apple  green*    Emerald  green  with  a  liiUe  greyish 
phite. 

Grass  green.     Emerald  green  with  a  little  lemon 
jrellow. 

Blackish  green.    Green  mixed  ^itb  a  considerable 
»onion  of  black. 

Pistachio  green.     Emerald  green  with  a  little  yel* 
ow  and  some  brown. 

Asparagus  green.   Pistachio  green  with  a  little  grey* 
ih  white* 

Olive  green.   Grass  green  with  much  brown* 

CHI  green.      Pistachio  green  with  much  yellow  ofid 
Agrey. 

^■tskin  green.      Emerald   green  with  much  lemon 
PBow  and  a  little  white. 
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0.  Ttllows, 


Sulphur  ycUow*  Lemon  yellow  with  much  emerald 
^reen  and  white. 

Brass  yellow*  The  preceding  with  the  metallic  lus-» 
ire  and  a  little  grey. 

Straw  yellow.  Sulphur  yellow  with  much  grcybh 
prhite. 

Bronre  yellow-  Brass  yellow  with  a  little  steel  grey 
lad  a  trace  of  reddish  brown. 

Wax  yellow.  Lemon  yellow,  reddish  brown,  and  a 
ifllc  ash  grey. 

Honey  yellow.   Sulphur  yellow  with  chcsnut  brown. 

f^emon  yellowt 


>tt 


©EscurrrroK  of 


.  ^^^j^  ^^       GoM  ytltow*      Lemon  ydlowr  with  the   metalir 
iustrc. 

Ochre  yellow.     Lemon  yellow  with  a  constderaB 
quantity  of  chcsnut  brown • 

Wine  yellow.     Lemon  yellow  with  reddish 
and  grey* 

Cream  or  Isabdb  yellow.       Lemon  yellow  with 
grcyisl»  white  and  a  little  brown  and  red, 

Or^gc  yellow.     Lemon  yellow  with  a  little  i 
red. 


7*  Rfdi. 

Aurora  red.      Carmine  red  with  much   temoQ 
low. 

Hyacinth  red.     Carmine  red  with  lemon  yellow  t 
i  little  brown. 

'File  red.     The  preceding  mixed  with  much  gr 
whtte* 

Scarlet  red.     Carmine  rrd  with  a  very  little 
yellow. 

Blood  red.     Scsriet  red  mixed  with  browni^kh  black 
l^Fte^h  red.     Blood  red  misted  with  grey i^.h  white- - 
•     Cop^  '.     The  preceding^  ue^rly  with  the  t&eD 

liO-lu^ 

Carmine  rciK 

Coeliineat   red.      Carmine  ced  mixed  with  bin 
grey. 

^;  Crimen  ted.    fcarmine  red  with  a  coli^derable  ' 
tion  of  blue. 

**  G^tttmb&lf«'i«i)*^"-Tlie  preceding  with  more  blue  i 
a  little  black. 

Rose  red*    GotiilhM  red  mixed  with  white. 

Peach  blossom  red,     Crimu}n  red  mf^ed  \tith  Wl 
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together,  uhI  it  hu  aisamed  ttnoCher,  it  ii  then  mU  ts 
be  tarnished. 

When  different  colours  Mppew  in  the  umm  vuaenli 
thej  may  be  disposed  ia  ciuub^  dois,  stnmis^  ^if^f  mo^ 

^^^^"^^^        II.  Cohesion.  With  respect  to  cohesion,  minenls 

are  either  soSd^/naUe,  otfidd. 
UactaMiir.      jjj   .j^  Ukctuosxtt.    Minerals  are  distiogniihed 
into  greasy  and  meagre.    The  first  have  a  certaia  de* 
gtee  of  greasiness  in  the  feel ;  the  second  not. 
IV.  Coldncw.  '\ 

V.  Specific  gravity,    f  These  characters  reqiuse  no 
VI.  Smell.  r     particular  description* 

VII.  Taste.  J 


II.     pARTICt7LAR  CbaKACTUS. 

I.  AsF£CT  or  THE  SURFACE.    In  considering  the  ex* 

teraal  aspect  or  surface  of  a  mineral,  three  things  claim 
our  attention  i  namely,  1.  The /ibo^  of  the  mineral  f 
f.  The  kind  of  surface  ;  3*  The  iustre  of  the  anrface. 

1.    £xtertuilsh^0 

The  estemal  shape  is  of  four  kinds :  1. 
2.  Particular;  3.  Regular;  4.  Extraneous. 

(l.)  Comrnon.  The  form  is  said  to  be  cc 
it  is  too  irregular  to  be  compared  co  the  form  of  any 
other  body. 

When  a  mineral  constitutes  a  part  of  a  solid  rodt  or 
compound  stone,  it  is  called  massive,  when  its  Imlk  is 
not  less  than  a  hazel  nut ;  when  smaller  than  this^  it  is 
said  to  be  Usseminaied,    When  it  oocurs  loose,  k  ia  ew 


MINERALS* 

thcr  in  angular  pUcei,  in  graim,  in  plates,  or  in  mem* 
Grants, 

(2.)  PirticuUr.  The  shape  of  a  mineral  is  said  to  be 
fmrticular  when  it  can  be  referred  to  that  of  some  known 
bodj.  Sncb  shapes  skre  divided  into  five  kinds  |  name- 
ly, iong^  rounJy  Jlat^  cavernous^  and  entangled* 

The  hng  are  divided  tnio  the  following:  Dentiform^ 
filiform^  capillary^  reticttlate/i,  dendritic^  coralloidal^  sta* 
iacittic^  cylindrical^  iuhiform^  clavi/ormf/rmtieose*  The 
round  are  the  following  :  Globular^  toirycidal^  reniform, 
ittherose^  fusiform*  The  flat  arc  specular y  in  lea'ues^ 
The  cavernous  arc  cellular,  perforated^  corrcdfdp  amor^ 
phouSf  vesicular.  The  entangled  is  ramose*  The  words 
in  these  cases  indicate  the  particular  shape  which  the 
mineral  resembles  *• 

(3.)  Regular,  The  form  of  minerals  is  said  to  be 
regular  when  they  occur  crystallized. 

(4*)  Ejctraneous,  Under  this  head  are  included  all 
the  petrifactions* 

2,    External  surface* 

The  stirface  of  minerals  is,  l.  Uneven^  having  small 
unequal  elevations  and  depressions ;  granulated,  com- 
posed of  small  round  elevations,  like  ih&green  ;  f^iglr^ 
wbeo  the  elevations  felt  are  too  small  to  be  distinctly 
teeoi    tmoctk  i   streaied  £   dmsy,  coated  with  small 

3,    External  lustre* 

The  lustre,  in  point  of  intensity ,  h  of  five  kinds :  1. 
SpUndmt,  when  in  fuU  day  light  the  lustre  can  be  seen 
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•  For  a  mate  mintite  account  the  reader  ii  referred  to  Profciwr  Jl« 
f  treatitc  on  the  &%tim*i  Cb^emain  •/  M'ukt^** 
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liciok  III.  at  a  gre^t. distance ;  2.  Shining^  when  at  a  distance  thcf 
light  reflected  is  weak  ;  3.  Glistening ^  when  the  la$» 
tre  is  only  observable  when  the  mineral  is  at  no  great- 
er distance  than  an  arm's  .length  ;  4.  GUmtnering^  when 
the  surface  held  near  the  eye  in  full  day  light  preseott 
u  number  of  shining  points  ;  5<  Dull^  when  the  surface 
has  no  lustre. 

Lustre  is  of  two  kinds,  the  metallic  and  the  conuntm ; 
the  latter  is  subdivided  into  semimetallic^  adamautiue^ 
f  early  J  resinous,  glossy. 

Fracture.  IT.  AsPECT  OF  TifE  FRACTURE.     When  a  mineral  is 

broken,  the  new  surface  exposed  Is  called  Xhe  fracture. 
Three  tilings  claim  attention  :  1.  The/tf//rr'of  the  frac- 
turc  ;  2.  The  llnd  of  fracture  ;  3.  The  shape  of  the 

fragments. 

1.  Lustre  of  the  fracture. 

This  is  called  the  internal  lustre,  and  is  distinguished 

in  the  same  way  as  the  external  lustre. 

C.     The  kind  of  fracture. 

By  this  is  meant  the  appearance  which  the  internal 
surface  of  a  mineral  presents  when  broken,  provided  it 
be  not  fractured  in  the  direction  of  one  of  the  natural 
])oints  of  the  mineral.  This  appearance  obviously  de- 
pends upon  the  texture  of  the  mineral.  The  fracture 
is  either,  1.  Compact  >  2.  Fibrous  ;  3.  Radiated;  or, 
4.   Foliated. 

(I.)  Compact,  The  fracture  is  called  compact  when 
all  the  pans  of  the  internal  surface  are  continuous. 
The  small  inequaliiies  which  occur  in  this  fracture  are 
thus  distinguished:  1.  Splintery^  when  on  a  surface 
nearly  even  '-mall  wcdgeshapcd  or  scaly  parts  arc  secnr 


h^riug  by  their  thicker  end,  und  albwtag  a  Utile  tight 
bD  p«%s.  2.  £t>fii*  de!»ittute  of  Jjcrceptiblc  inequalides. 
I.  Ctmchtfidai^  tmall  rotirtdish  elevations  and  deprcs- 
iiofis  like  the  print  of  shelU*  i.  Uneven^  having  manj 
BmaUy  shnrp.  abrup%  irregular  elevations  and  ineqtialf- 
|ie»;  and  from  the  si^e  of  chese^  this  fractore  is  deoo* 
initialed  coarse^  small^  or  ^ne*  5*  Earthy,  when  the 
internal  !*aJtace  resembles  drictl  earth.  0*  Hackly ^ 
Itaving  m^^sj  very  minute  sharp  hooks,  inore  sensible 
to  the  hand  than  the  cje.  This  last  frtctore  is  pccil* 
liar  to  the  metals^ 

(2.)  FiirtuiJ,  The  fractnre  is  called  fibrous  when 
the  internal  surface  shows  the  mineral  composed  of  fi- 
htt%  or  threads  adhering  together,  and  too  small  to  be 
measured*  These  fibres  aie  either  ilraigbi  or  cttr^eJ^ 
104  thejr  are  disposed  either  in  pandltUf  or  they  diverge 
torn  each  otlicr,  or  they  are  interwoven  together. 

(5#)  Radiated.  The  fracture  is  called  radiated  when 
the  fibres  are  flattish  and  so  large  that  their  breadth  ad- 
iisis  of  measQfetnent.  The  internal  surface  in  that  case 
Ixhibits  ttriit  or  channels. 

(4.)  t^^iated.     The  fracture  is  called yi/m/*rf  when 

the  mtneral  appears  composed  of  thin  plates  whose  sur. 

beet  are  smooth  and  polished  like  the  surface  of  a  cry. 

The  plates  may  be  cither  hrge^  small^  or  very 

»  t^f^^^  ^^  iwip#r/>r/  ;  itraighi^  ur  cmrved  in  va- 

ioua  ways.    The  direction  of  the  plaresp  or  ibe  cK^^age^ 

Bfty  be  cither  aimple,  double,  triple,  6cc. 

3,     The  shape  of  the  frtigmenU . 

By  this  is  meant  the  shape  of  the  pieces  into  which 
mineral  breaks  when  struck  with  a  hammer*     They 
re  either^  I  ^  Regular  ;  or,  2.  Irregular. 
V<d.  IV.  N 
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Book  Uf.  (i,^  By  riguiar  frigments  arc  mtani  lho»  wliidi 
have  a  geometrical  foitn.  Tbcj  are  usual] j  the  frag* 
tnents  of  cryttallized  bodies ;  and  are  dihcr  tfnttc, 
rhomhoidal,  trafi^oidal^  titrabidral,  ociaLidra/,  or  d§* 
iicahtdrain 

(2-)  By  imgul^r  are  meant  the  fragments  whieb 
have  not  a  geometrical  form.  Thejr  are  widgi^sbafU i 
ifKnitry^  l\\\x\^  long,  and  poiutrd ;  tabular,  thiuy 
broad,  and  sharp  at  the  comers,  as  common  date ; 
indftirminau,  without  any  particular  resemblance  to 
tnj  other  body.  The  tdgt^  of  indeterminate  £r«gme&ti 
axe  either  vrr^  sbarf,  sbarp^  sbarpisb^  or  bhmim 


ccmcretioiit. 


III.  Asri&CTOF  THE  DtSTIKCTCOKcaeTIOKS.  DlV 
tioct  concretions  are  disttinct  maxs^es,  of  which  certiift 
minerals  arc  composed,  which  may  be  separated  fma 
each  other  without  breaking  through  the  solid  part  o( 
the  mineral.  They  are  separated  from  each  oibo  fa^ 
natural  scams.  Three  particulars  respecting  these  eon. 
cretions  are  to  be  attended  to:  1.  Their /£»<^j  2* 
surface  ;  3.  Their  iujtrt* 

1.  Sbi^i  ofibe  dutinct  cdncreiionsm 

There  are  three  kinds  of  shapes:  i.  Th^gra 
When  the  lengthy  breadth,  and  thickneu  of  m  disttoet 
concretion  are  nearly  equal,  it  is  said  to  be  granular. 
Such  concretions  may  be  either  round  or  omgmi^rs 
hrgi,  coarse^  small^  fim.  2.  The  lamellar,  when  llifi 
concretions  consist  of  plates  laid  upon  each  otbcr^  and 
adhering  more  or  less  strongly.  3.  The  cohmmm', 
when  the  breadih  and  ihlckncu  are  inconsiderable  ooau 
pared  to  the  length. 
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2-  Surface  of  the  Jiitiitct  concrehom. 

The  sorfa^  is  smooth^  rou^h,  sinsJktd,  uneven^  &e* 

3.  The  htstre  o/tbt  distinct  concretwju* 

It  it  distiagiLtshed  in  the  same  wmj  as  the  extemtl 
lastre. 

IV*  Geherai.  asf£ct.    Under  this  head  three  par-   pcct. 
liculars  are  comprehended  j  namelj,  1.  The  transpa^ 
rtntj  £  2.  The  itreai  y  3*  The  soiling, 

!•   The  tramfarency^ 

By  traDspareocj  is  meant  the  proportioa  of  li];ht 
which  minerals  are  capable  of  transmitting.  They  are 
trmup€trtntvfhtn  objects  can  be  seen  distinctly  through 
them  ;  ttmitranspQrent^  when  objects  are  seen  through 
them  indistinctlj  ;  translucent,  when  light  pai^ses,  but  in 
to  small  a  quantity  that  objects  cannot  be  seen  through 
ibem  ^  ;  tfafue^  when  no  light  is  transmitted. 

Whco  opaque  minerals  become  transparent  in  water, 
ihcy  arc  called  hydrophamus.  When  objects  are  seen 
double  through  a  transparent  mineral,  it  is  said  to  rr« 
I  ^mf  daui/y* 

2.   The  streak  or  scratch, 

Ii  the  mark  left  when  a  mineral  is  scratched  \>y  any 
hard  body,  as  the  point  of  a  knife.  It  is  either  similar, 
of  the  same  colour  with  the  mineral  i  or  dissimi/ar,  of 
ft  diCcTcnl  colour. 


*  Accor4iiig  to  Mr  Kirwmn*i  method,  t  hvfc  denoted  thete  three 
dcpen  of  waufvtDVf  hj  the  fipirts  4,  3,  %,    When  a  miaeral  is  tnotr 
I  JgQtnt  Qolf  It  the  edge,  thu  ii  dcaoted  b7  the  fi^re  i*    Optcicj  ii 
BdiaKt  denoted  hj  0*  3*. 
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Bo^k  III.  3.  The  soilings 

It  the  trace  which  Bome  minerals  leave  when  rubbed 
on  the  fingers  or  on  paper.  Some  minerals  leaves 
stidn  or  trace,  others  not«  Some  of  the  first  kind  mxj 
be  employed  to  write  with,  others  not. 

Htfdoetik  V.  UarBKESS.  Bj  this  is  meant  the  resistance 
which  a  body  opposes  when  wt  attempt  to  scratch  it. 
Minerals  are  either,  1.  Hard  ;  2.  Semihard  (  3.  Soft. 

(l.)  Minerals  are  called  &v^  when  they  do  not  yield 
to  the  knife,  and  strike  fire  with  steel.  There  art 
three  degrees  of  it :  1.  Extremely  bard,  not  yielding  to 
the  file ;  2.  Very  hard,  yielding  a  little  to  the  file ;  3* 
Hardy  yielding  to  the  file. 

(2)  Minerals  are  iemibard  when  they  yield  with 
difliculty  to  the  knife,  and  do  not  strike  fire  with  steel. 

(3.)  Soft,  when  they  yield  easily  to  the  knife,  bat 
not  to  the  nail. 

I  have  used  Mr  Kirwan's  figures  to  denote  the  com* 
parative  hardness  of  bodies ;  for  an  explanation  of 
which  the  reader  is  referred  to  Vol.  I.  p.  148»  of  this 
Work. 

Tenacity.  VI.  Tenacity.  With  respect  to  tenacity,  mine- 
rals  are.  l.  Brittle,  when  on  being  cut  with  a  knife 
the  particles  fly  away  with  noise  i  2.  Secti/e,  when  00 
being  cut  with  a  knife  the  particles  do  not  flj  o^  bat 
remain  ;  3.  Ductile,  when  the  mineral  can  be  cut  into 
slices. 


Prangibili- 


VII.  Frangibility.  By  this  is  meant  the  resist- 
anoe  which  minerals  make  when  we  attempt  to  hccak 
them,     llie  degrees  arc  five ;  namely,  1.  Vity  irn^i 
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2*  Tough  i  3.  MoieruUly  tough  i   i,  Fragt/0  i  5,  Very 
f  Jkagik, 
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VIII.  Flexibility.     B7  tljii  i*  meant  the  proper tjr  FlcxM*ty 
of  bendkg  without  breaking*     Some  miDenls  arci  (I.) 
fUxibii  i  aod  oi  these  sooie  are,  I.  Elastic  t  others,  2* 
Codunon*     (2.)  Others  inJlixihU. 

,IX«  Al>HER£KC£    TO   TilC  TOMCU£.     Soiue  mine-    Adhcrenof" 
Is  adhere,   l^  Very  straag/jf  s   2.  Others  wio^ra/f/^  ; 
3*  Others  ilightly  i  4,  And  others  very  iiigbtlj, 

X.  B7  SOUND,  is  meant  the  peculiar  noise  emilttd   ^««"*^ 
by  some  miaerals  when  struck  or  bent.     Satne  give  a 
wmgmg  ^ound »  others  a  grating  sound  >  others  a  <:r#Ai. 
fti|f  sounds  as  tin* 

The  particular  properties  of  friable  and  Aiud  wjoe- 
ral^  lequire  00  deseripUoti. 

With  respect  la  EL^cxMctTV^  some  aQiucials  be* 
come  elecii  ic  when  h^altJp  others  when  ruhhcdt  others 
cannot  be  lendereU  electric.  The  ekciricity  of  some 
minerals  is  poiithe  or  viinoui,  of  others  negative  cft  re- 
smoui. 

The  cu£MtCAL  properties  of  minerals  will  be  under*  Blawptpe. 
stood  wttliout  anjr  explaiiaiioa*  In  detecting  them^  the 
htaw-fipi  is  often  of  singular  use,  as  it  enables  us  in  a 
few  minutes  to  determine  maoj  points  nhich  hj  the 
usual  processes  would  occupy  a  great  deal  of  time# 
The  blowpipe  is  mereljr  a  tube  ending  in  a  cavitj  as 
fiuc  as  a  small  wire^  through  which  air  is  forced  and 
made  to  plaj  upon  the  flame  of  a  eandlt;^  by  means  of 
which  the  flame  is  concentrated  and  directed  against 
small  particles  of  the  mineral  to  be  examined,  citht 
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BookllL^  placed  upon  «  bit  of  charcoal,  or  in  ■  platinam  or  silver 
spoon.  The  air  is  either  forced  into  the  blowpipe  hj 
the  lungs  of  the  experimenter,  or  bj  means  of  bellows 
attached  to  the  blowpipe.  Bj  thus  exposing  a  very 
small  portion  of  a  mineral  to  the  concentrated  flange, 
we  see  the  effect  of  heat  upon  it,  and  have  an  opporto- 
nitj  of  trjing  the  action  of  other  bodies  on  it  at  a  verj 
high  temperature,  as  of  borax,  soda,  microcosmic  salt. 
See.  The  properties  which  these  experiments  bring 
into  view,  enable  us  in  many  cases  to  ascertain  the  na. 
ture,  and  even  the  component  parts  of  a  mineraL 

The  blowpipe  was  first  introduced  into  minerakgj 
hy  Von  Swab.  It  was  afterwards  improved  by  Cno- 
stedt,  and  still  farther  bj  Bergman.  Saussnre  snbiti* 
tuted  a  fine  splinter  of  cjanite  for  charcoal, 
a  very  minute  portion  of  the  mineral  to  be  < 
to  the  point  of  this  splinter,  and  exposed  it  in  that  sitn- 
ation  to  the  action  of  the  blowpipe.  By  this  cootn- 
vance  he  was  enabled  to  make  his  experiments  opoa 
very  minute  particles ;  and  this  enabled  him  to  fine 
many  bodies  formerly  considered  as  infusible. 
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CHAP,   II. 


OF   SIMPLE    MINERALS* 


fKA»  a  writer  of  the  lith  century,  divided  mi- 
linto  four  classes ;  stooes,  $a1t»,  inflammable  bo- 
f  mndmetah*.  This  division  has  beeo»  in  some 
sore,  followed  by  all  succeeding  writers.  Linnseus^ 
«dy  the  first  of  the  moderns  who  published  a  sys* 
of  mineralogy,  being  guided  by  the  external  cha* 
en  alone,  divided  minerals  into  three  classes, ^rfrir| 
frm^/Mtiiia  :  but  Avicenna*s  classes  appear  among 
Mrders.  The  same  remark  may  be  made  with  re- 
t  to  the  systems  of  WaUerius,  Wolsterdorf,  Car- 
tser,  and  Justi^  which  appeared  in  succession  after 
fir»t  publication  of  Linnaeus^s  Sy sterna  Naturae  in 
)|»  At  last^  in  IISS,  the  system  of  Cronstedt  ap« 
"cd*  He  reinstated  the  classes  of  Avicenna  in  their 
e  ;  and  his  system  was  adopted  by  Bergman,  Kir- 
,  Werner,  and  the  most  celebrated  mineralogists 
\  bave  written  since.     These  classes  shall  be  adopt* 


tniocnlia  io  quacaor  species  dividvntur;  icilicct,  in  Upidei, 
li^Qe£&ctiva,  tulpbufcai}  et  tales.  £t  Wuni  quzdam  tuot  rarz  sub* 
IS  ct  debtlif  eompoutiooi»,  ct  quxcUm  fortit  fubstantix,  ec  qujcdtm 
191^  ct  4i02dam  non.     Aviceona  dt  ComittmtiM€  et  C^ngUiiin^iMS 
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Book  in.     ed  in  the  present  Work,  because  none  which  are  pre. 

f*  —    ferable  have  been  hitherto  proposed. 
PiTUon.  I  shall  therefore  divide  minerals  into  four  Classes; 

1.  Stones; 

2.  Salts; 

3.  CombuttiUes ; 

4.  Ores. 

The  first  Class  comprehends  all  the  minerals  which 
are  composed  chieflj  of  earths ;  the  second,  all  the  com* 
binations  of  acids  and  alkalies  which  occur  in  the  mi* 
neral  kingdom  $  'the  third,  those  minerals  whidi  ars 
capable  of  combustion,  and  which  consist  chiefly  of  sul- 
phur, carbon,  and  oil ;  the  fourth,  the  miaeral*  bodiei 
which  are  composed  chief  j  of  metals. 


clasf  naturtlly  divides  itself  intd  two  ordcri* 
■It  order  comprehends  tmdcr  it  alt  the  combinau 
tmposcd  entirely  of  earthy  bodies,  or  of  earthy 
united  with  only  a  small  portion  of  an  alkali  ot 
illic  oxide  :  The  second  order  consiiU  of  combina. 
pif  earthy  bodies  with  acids.  To  the  first  order» 
want  nf  %  better  term,  we  ^hall  give  the  appellation 
itQmt  i  to  the  second,  that  of  rahat  stones. 


\ 


Order  L    EARTHY  STONES, 


!eoksT£1)T  diTided  this  order  inro  nine  genera,  cor« 
ondsng  to  nine  earths;  one  of  which  he  thought 
posed  the  stones  arranged  under  each  gcnuj.  The 
tes  of  his  genera  were,  eatcmtet^  silitt^^  granaiino'f 

r.  AU  his  earths  were  afterwards  found  to  be  com* 
pda^  except  the  first*  second,  fourlb|  and  ninth, 
|msn,  therefore,  tn  his  Sciagraphia^  first  published 
IBt,  reduced  the  number  of  genera  to  five  ;  which 
the  ntimber  of  primitive  earths  known  wheo  be 
It,     Since  that  period  fiiw  new  earths  kave 


Book  UL 


discofYettcU  Accordingly,  in  the  latest  fijstetnf  0f  mfi 
neralogy,  the  genera  belonging  to  this  q£dcr  are  pro* 
pgnionally  increased.  Each  genus  is  named  from  aa 
earth ;  and  thejr  are  arranged  in  the  latest  Weraertaa 
catalogues  aa  follows :  g 


1«  Diamond  genua 

2.  Zircon  genus 

3.  Siliceous  genus 

5*  Argillaceous  genua 
5.  Magne&ian  geous 


6.  Calcareous  genus 
7*  Barjtic  genus 
a.  Sirontian  genu^ 
9.  Hallite  genua 


Mr  Kirwan  and  Professor  Jameson^  in  their  Toy 
valuable  systems  of  mtneralogyi  ha^re  adopted  the  aamt 
genera.  Under  each  genu%  those  stones  are  placed 
which  are  composed  chiefly  of  the  earth  which  gives  a 
name  to  the  genus,  or  which  at  lea^t  are  tuppoied  H 
possess  the  characters  which  distinguiih  thatearih* 

A  little  consideration  will  be  suflktent  u> 
that  there  is  no  natural  foundation  for  these  gtnerSt 
Most  stones  are  composed  of  tfvro,  threCi  or  even  four 
ingredients  ;  and^  in  many  cases,  the  proportion  of  two 
or  more  of  these  is  nearly  equ&t.  Nour^  under  what 
genus  soever  such  minerals  are  arranged,  the  eartk 
which  gives  it  a  name  must  form  the  smallest  part  of 
thdr  composition.  Accordingly,  ii  has  not  been 
much  the  chemical  composition,  as  the  external  cba 
ter,  which  has  guided  the  mineralogist  in  th^  distribm^ 
tion  of  his  species.  The  genera  cannot  be  said  proper* 
ly  to  have  any  character  at  all,  nor  the  species  to  bt 
connected  by  any  thing  else  than  an  arbitrary  title* 
This  defect,  which  must  be  apparent  in  the  tnost  va* 
luable  systems  of  mineralogyp  seems  to  h4(ve  aiiiai 
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i|Ajf  Irom  an  attempt  to  combine  together  an  artificial 
^ktural  system. 

^Bve  no  doubt  that  Werner  is  fully  aware  of  this 
jHkf  and  that  he  is  gradually  correcting  iu  His  ar« 
Dgeinent  of  this  order  of  minerals,  as  it  has  been  re- 
ntly  improved^  is  entitled  almost  to  unlimited  praise  ; 
It  were  he  to  omit  the  present  genera  altogether,  and 

substitute  in  their  place  those  groups  of  minerals 
lueh  be  at  present  dtnomimicis  Jhmiiiap  I  bhould  con. 
kr  it  as  far  better  than  the  mixture  of  two  systems, 
m  founded  on  the  chemical,  the  other  on  the  external 
iracters^  to  which  he  still  adheres.  I  am  almost 
ttptcd  to  suspect  that  this  is  the  plan  which  he  has 
riiied  long  ago,  and  that  the  apprehension  of  provo« 
^g  fbe  chemists  to  declare  against  him,  has  alone  pre- 
nted  hiiQ  hitherto  from  putting  it  in  execution.   Such 

apprehension,  however,  lam  persuaded  is  altogether 
oundless.  Every  body  must  be  sensible  that  external 
ffra€t€rj  alone  ought  to  influence  us  in  the  arrange. 
pat  of  minerals,  and  that  those  bodiea  ought  to  be 
need  nearest  each  other  which  possess  the  greatest 
semblance.  It  is  extremely  probable,  that  whenever 
p  external  characters  coincide,  so  also  does  the  com* 
^tion  »  and  that  when  chemists  obtain  a  contrary  re* 
kit,  the  reason  probably  is,  that  they  have  given  the 
pie  name  to  minerals  possessed  of  difftrint  characters. 
be  knowledge  of  the  external  characters  must  come 
St,  and  can  alone  enable  us  to  discriminate  correctly 
e  proper  specimens  which  ought  to  be  subjected  to 
talysis  \  for  I  include  under  this  title  Hauy*s  import- 
It  discoveries  relative  to  the  primitive  form  of  crystal- 
)gA  minerals. 
I  shall  therefore  adopt  the  Wemerian  arraagemeo^ 


Cb»L 
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BMk  in*    of  dift  order,  clitearding  the  old  gemrs  aid  nlntilsfl 


.n, 


the  familiei  in  their  place.     The  foUowiof  Tafals 
bitt'the  diftreot  niaeraltof  thii  order|«miigcd 
ing  to  their  fun.iliet  *• 


TtUecf      I.  DuuMmidFmmlf 

CoroDdom 

«^«P««»         PiampiKl 

AdamaatiDe  qpar 

II,  Zdrpm  FmUf 

i&trcpa 

Amomdite 

Ii7«^atk 

VI.  T^fmrnFmrnOf 

fljp"TT"^--*— - 

Topas 

III,  (Bbrf$9Kf  Emify 

Fibc«lito 

Chfytoboryl 

g%     .  ». 

yil.  SeioHfmify 

OliviM 

Eilflavs           Ji, 

GoceoUm 

Vqimid-.  . 

Angfto 

Jkryl 

Diopfido 

oohoriita 

VetovitQ 

Sehorl 

IV.  OimiiFamip 

Pistwita 

Leodte 

^oiiite 

Meltnito 

Azinite 

Gtmet 

vm.<,«tj|i-ii^ 

Granatite 

ijaanx 

Pjrropc 

Iroa-fiint 

V.  RMfy  Fmmfy 

HwB  no— 

'     Ceyianite 

FlinUiltn 

SpineU 

Hint 

Sapphire 

ChtlMdopj 

Emery 

HjaUte 

a  This  Ttble,  with  i  Tef7  few  ezceptioot.  it  la  lla'ankraf 'V 
pei^f  ttUe,  pnUishtd  at  lit  cad  of  FMfiMr 
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Xn.  Clay  Famitv                  CImI-     j^| 

Older  1*      fl^^^^l 

1     MeniUte 

[     Jasper 

Porcelain  eanli                  ^^l^^^^^l 

f     Heliotrope 

Com  man  cUf                        ^^^^^H 

'      Chryiopraie     , 

CUy-stone                                 ^^^^^| 

Piastua 

Adhesive  slate                               ^^^| 

'      Cat's  eye 

Polishing  sUlc                                  ^^^| 

X.   Pitch-it^m  Family 

Tripoli                                             ^^^1 

'      Obsidian 

Float-slnne                                     ^^^| 

1      Pitch.Uone 

Ainm- stone                                     ^^^1 

*      PearUitone 

XI IL  Clay^iait  Family                     ^^| 

Pumtce 

Alun^siate                                       ^^| 

K*  ZWf/f  Family 

BituminouB  shale                           ^^^H 

Wavellite 

Drawing- slate                               ^^^H 

Prehnitc 

Whet,  slate                                        ^^| 

Needle- stone 

Ctay.^Ute                                         ^^B 

Zeolite 

XIV.  Mica  family                          ^Hl 

An&Uime 

Lepidolite                                         ^^^| 

1       Chabasie 

^H 

Staufohte 

^^H 

Lomonite 

Pat-sDone                                    ^^H 

Dipyre 

Chlorite                                        ^^^| 

Natrolite 

XV.     Trap  Family                           ^^| 

I       Azuriie 

D  i  as  pore                                          ^^^| 

Lazulite 

Uomblende                                     ^^H 

kl.  Ftispar  Fitmify 

Smaragdite                                     ^^^| 

Andalurue 

^^M 

Felspar 

Wacke                                            ^H 

Meionite 

,  Clinkstone                                       ^^^| 

^KBcapolite 

Iron-claj                                           ^^^| 

^Bnremefite 

XIV.    Liihcmargi  Fafmh                   ^^H 

1       Spodumene 

Cfeen  eartti                                    ^^^H 

j       Icrbthyoplnhtlmite 

lilhomargp                                     ^^H 
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HocUoftp 

SchiUerttone 

Umber 

Tale 

TdlowMith 

AcbettM 

XVII.  Ai^-iitMr  Ftmfy 

SIX.  ^«ltiM««AaK^ 

NkdTe.mgMM 

Actmohto 

Bok 

Smtsagdite 

Cimolite 

Tremolittt 

Meenchnuv 

AnlophjUite 

Fuller's  Mith 

Cyaiiite 

Stettite 

SaUitt 

Biteeio 

Schililoii0 

xvjM  r«fcf«M^ 

XX.  GtdolmktFma^ 

lJ(ilrit* 

GaddiBite 

Scipentiae 

The  minenlsbeloiigmg  to  Ihb  Older  poiMnliw  fill, 
lowbg  Qommoii  properties :  A  specific  gnTirfmyai 
£rom  4*4  to  0*7.  TTbe  greater  number  of  tbesa  fve  hsrf 
enough  to  scratch  glass ;  and  this  is  always  die  coi 
when  the  specific  graTity  exceeds  3*5.  Some  of  thoSi 
however,  are  soft.  None  of  them  have  the  true  me- 
tallic lostre;  though  some  possess  the  fslse  metsDie 
lostre^  which  disappears  on  scratching  them.  None  d 
them  are  soluble  in  water  i  and  verj  few  of  them  see 
soluble  in  acids  without  some  particular  mode  of  apply- 
ing them.  Hitherto  it  has  been  ii^possiblo  for  cfaenusto 
to  form  any  of  them  by  art. 

I.    DxAMoiro  Familt. 

To  this  fiunily  there  belongs  only  a  single  speciesi 
namely,  the  diamond,  which  is  the  hardest  and  tkeaoit 
beautiful  of  all  the  mineral  pcodudims. 


€!iitir. 

Order  L 

This  mineral^  which  was  well  known  to  the  ancients^ 

found  in  4ii6Ferent  parts  of  Asia,  particularly  in  the 
ingdoms  of  Golconda  and  Visapour.      It  occurs  also 

Brazil,  but  has  hitherto  heen  confined  to  countries 
ithiu  the  tropics* 

Its  most  common  colours  are  white  and  grey*  of  va- 
rious shades*  It  occurs  also  blue,  red,  brown,  yellow, 
and  green.  The  colours  are  commonly  pale.  It  is  al- 
ways crystallized ;  but  sometimes  so  imperfectl/i'^lhat  at 

e  first  sight  it  might  pass  for  amorphous*    Its  pr^itive     ^7*** 
brm  is  a  regular  octahedron ;  but  it  more  commonly 

umea  a  spheroidal    form,  and  then  has  usually  39 

rvilinear  triangular  faces,  six  of  which  are  raised  up- 
on each  of  the  faces  of  the  primitive  octagon.  Its  in- 
tegrant molecule,  according  to  Hauy,  is  a  regular  tetra* 
p^lron* — For  a  more  particular  account  of  the  crystals 
of  this  mineral,  the  reader  is  referred  to  Rome  de  Lisle*, 
Hauy  t,  and  Professor  Jameson  t- 

The  crystals  are  commonly  smalL  Their  surface  Is 
mmooth  or  streaked,  except  when  the  mineral  occurs  in 

ains,  when  it  is  rough  or  at  least  uneven*  External 
lostre  {  4  to  1  ;  internal  always  4*  Fracture  straight  fo- 


Cfjti^tUg.  !i  191*  t  Jmr,  4t  Mm.  No.  xzix*  ^4|. 

f  To  MTe  r«omi  the  degree  of  bitre  u  deuoeed  by  figureti  ai  foQivwii 

Sftmdtnihf  •  •  4 
Shioiiig  -•V.J 
GliireniDg  .  •  .  ^ 
Olimmeriifg  .  ^  i 
Dull  -    ...    . 


^M  SIMPLE   MtKERALS. 

Book  Tfr.  Hated;  Cleavage  fourfold,  parallel  to  the  faces  of  dw 
octahedron.  Fragments  octahedral  or  tetrahedraU  Sel- 
dom occurs  in  distinct  concretions.  Ttansparencj  4  lo 
2.  Causes  single  refraction.  Hardness  20«  Briuki 
Frangtbilitj  S.  Specific  gravitj  S*5I85  to  S-5S10*. 
When  rubbed  it  becomes  positiTcIj  electric^  even  be- 
fore  it  has  been  cut  by  the  lapidary,-  which  is  not  the 
.case  with  any  other  gem  f. 


A 


IL    Zircon  Faiixlt. 


minerals  belonging  to  this  family  approadi  the 
neardst  to  the  diamond  in  their  external  charactm. 
Wefner  has  divided  them  into  three  species ;  but  other 
mineralogists  hare  ranked  these  subdivisions  merelj  it 
varieties.  These  species  are  ziram,  bjacuiih^  and  rn- 
natff&ff^fOMe.  They  occur  chiefly  in  the  warm  clinala^ 
specially  Ceylon ;  though  most  of  them  have  bcm 
foond  also  in  the  northern  regions. 

Sft  I,    Zirctm. 

This  mineral  is  usually  brought  from  Ceylon  \  bi^m 
it  has  been  found  lately  in  Norway. 

Its  usual  colour  is  grey  ;  but  it  occurs  also  grce^? 
blue,  red,  yellow,  and  brown.  It  is  found  most  coir^r 
monly  in  roundish  pieces  ;  but  it  is  sometimes  crysta.^ 
lized,  either  in  four- sided  prisms  or  flat  octahedron  j^ 
The  primitive  form  of  its  crystals  is  an  octabcdro^^ 


•  Hauy,  J»ur.  dt  Min,  No.  iiii.  343.  f  Ibid.  343. 


zrneodf. 


SQ0 


lipos«d  of  twno  fouf-sided  Dvi^uiids  applied   base  to    Zircoo^ 

iCf  who!»e  side<i  are  isavceJeai  triangles   •     The  inch-    ^-— i 

licxQ  of  the  side*»  of  ihe  same  pyramid  to  each  othet 
IW**  12' }  the  inclination  of  the  iidcs  of  one  pyramid 
tho&e  of  another  92^  50'*  The  solid  angle  at  tbe  a- 
C  if  IS^^  44  f  •  The  crystals  arrr  usually  sroaU,  thtir 
rface  smooth,  and  ibeir  lustre  ':^ «  but  the  roundbh 
fori  are  sonaetimes  roughs  and  ihetr  lustre  2.  Tlie 
emai  lustre  is  4. 

Xbe  fracture  foliated  with  a  six-fold  dea^sige  accord* 
f  to  Mohs,  Fragtxiems  sharp-edged*  Transpwrencj 
%,  Causes  a  very  great  double  refractiofu  HKickeaa 
L     Brittle.    Frangiblity  a.    Specific  gravity  4^15 1 

^HPo&ineral,  which  approaches  tlie  preceding^  so 
B|f  that  it  ought  to  be  considered  as  nnty  a  Tariety^ 
brought  from  Ceylon,  but  found  likewise  ia  France 
d  in  other  parts  of  Europe, 

Iti  osual  colour  is  a  hyacinth  red,  but  it  occurs  also 
Idish  brown,  Z^^yt  ^^^  orange  yellow.  The  primi- 
e  form  of  its  crystals  is  the  sam^  as  preceding.  It 
anally  occurs  tn  four-sfded  prisms^  terminated  by  four 
met  set  on  the  lateral  edges.  The  crystals  are  com* 
iimly  small^  but  complete.     Lateral  planes  smooth* 


Sfi,  2.     Ryacinth. 


n^tn%  to  Mt»hi  it  h;i«  1  iis*rold  ciravife,  and  ks  primttirc  hrm 

iided  recfarjguUr  pritm,  rermin&red  by  lour-»ide«*  pyramid*  «et 

Uter&l  edge*.     Thii  i4  ±\'^y  it\r  mo4{  coinmoD  variety  of  it*  cryt* 


f,  J»ur*  J*  M  lu  No.  I"' VI.  yr. 
OCT,  j^mctor/«  MifitTjUiy^  i*  $Q* 

IF. 


\  ILLproth,  B*itrAgtt  t 
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Chap.  II. 


Lustre  3.  Internal  lustre  4,  and  vitreous.  Fracture 
straight  foliated.  Cleavage  as  in  the  preceding  'species. 
Fragments  sharp-edged.  Transparencj  4  to  2.  Scratdm 
quartz.  Frangibility  3.  Feels  a  little  greasy  when 
cut.  Before  the  blow-pipe  loses  its  colour,  but  ool  its 
transparency.  Infusible  with  soda  or  microcosmic  salt* 
Melts  with  borax  into  a  transparent  glass. 

Sp.  3.      Ciftnamofi'Stofu  * . 

This  mineral,  which  like  the  rest  is  found  in  CejIoOy 
received  its  name  from  the  Dutch,  on  account  of  its  re- 
semBnce  to  cinnamon.  It  has  been  lately  distinguislw 
ed  afta  particular  species  by  Werner.  .  Colour  yellow- 
ish brown,  approaching  to  honey  yellow.  Oocm 
usually  in  splintery  fragments.  Fracture  imperfcet 
small  conchoidal.  Internal  lustre  3,  between  resinous 
and  vitreous.  Fragments  sharp-edged.  Transparoigr 
.firom  4  to  2.  Hard.  Moderately  heavy.  Mdts  be> 
fore  the  blow-pipe. 

The  constituents  of  these  minerals,  as  determined  ij 
the  analyses  of  Klaproth  and  Vauquelin,  are  asfbllowi: 


*  JameMR*t  Mimraho%  ii.  $%J. 


CINKAMOK-STOKE, 
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Zircati. 

tiytcinth* 

Cinnnmon- 
41  one 

* 

t 

t 

i 

f 

II 

Zircatiia 
SilicA.,  •• 
Alutnma 
Lime • . • • 
Iron  ovide 
Potaiih  . . , 
I,n-3  s    »  *  .  • 

69  0 
26*5 

0  5 

4-0 

65 

1 
1 

10 
25 

0  5 
4-5 

64-5 

32-0 

1-5 

66 
31 

2 
1 

28-8 

42-3 

8*0 

3*0 
6*0 

7-0 

100 

100 

100      100 

100 

100*0 

ChrfioliU 
Family* 

CoHMltU- 


tllL    Chrtsolite  Family, 
c  species  belonging  to  this  family  arc  six;  namelf, 
ibryioheryl^  eBryso/iti^  olivine^  €occoIiU^  augite^  ventvtan* 
Tbejral]  have  a  considerable  resemblance  to  each  olber, 
■  espedallj  in  colour^  fracture,  and  specific  gravity > 

ham  of  Hauy — Cbrytopal  of  Delametherie. 

Iierto  this  stone  has  been   found  only  in  Brazil, 

the  ialimi  of  Ceylon,  and,  as  some  affirm,  near  Norts- 

chink  in  Siberia.      Werner  first  made  il  a  distinct  spe* 

cies,  and  gave  it  the  name  which  it  now  bears.     It  is 

.      usually  found  in  round  masses  about  the  %ujtr  of  a  pea, 

^^^^  IU2profh*a  Bfitr^if*  i  ftilt 

V        f  From  N^irwgy.     Ibid.  tti.  %}%• 

H        %  From  Ctyioo.    IbSd  L  3,^1. 

H        f  From  £x|>aiUy.    Vauquctifif  /wr.  de  Mm.  No.  xtvi.  |o6» 

^^^■l|  Ijui}p»ditif,  Geh^en'fl  Jour*     Second  ttn&k^ii,  53. 
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Book  nL     but  it  is  tometimes  also  crystallized.      The  primitife 
■      ;  form  of  its  crystals  is  a  four-sided  rectaogular  prisn, 

whose  height  is  to  its  breadth  as  V3  to  1,  and  to  hi 
thickness  as  v  2  to  1.  The  most  common  varietj  U» 
therto  observed  is  an  eight-sided  prism,  terminMsd  hf 
six-sided  summits.  Two  of  the  faces  of  the  priiw 
are  hexagons,  two  are  rectangles,  and  four  tiapeziiuiu ; 
two  faces  of  the  summits  are  rectangles,  and  the  otiier 
four  trapeziums.  Sometimes  two  of  the  edges  <^  the 
prizm  are  wanting,  and  small  faces  in  their  place  *• 

Colour  asparagus  green,  sometimes  passing  on  the 
one  tauid  to  greenish  white,  and  on  the  other  to  jellow. 
ish  grey.  External  lustre  of  the  crystals  3  ;  intemtl  4^ 
vitreous.  Fracture  perfect  conchoidal.  Fragneatt 
sharp-edged.  Transparency  9.  Scratches  qotm. 
Brittle.  Frangibility  3.  Specific  gravity  from  3*60  Is 
3*198*     Infusible  before  the  blow-pipe. 

5^.  2.  CbrysoKie  f. 
Peridot  of  the  French-— To^is  of  the  ancients. 
The  name  chrysolite  was  applied,  without  discrimina- 
tion, to  a  great  variety  of  stones,  till  Werner  defined  it 
accurately,  and  confined  it  to  that  stone  which  the 
French  chemists  distinguish  by  the  appellation  of^m- 
dot.  This  stone,  found  principally  in  Upper  Egypt,  is 
the  tof>az  of  the  ancients ;  their  chrysolite  is  now  calkd 
topaz  t* 


♦  Hauy,  Jtur,  Jt  Mlm  No.  xxi.  5. 

f  Kirwaii,  i.  26a.^CartheQMr,  Mm,  94.»DoIoaiiea,  Jmr,  A  Mm, 
No.  xxi*.  365 — La  Methrrir,  Nmiv,  Jmr.  de  Pbjs.  I.  397.— ftochuit, L 
170.— Hauy,  iii.  i98.^JaRies«),  i.  4^. 

I  Plinii  Lib.  ziiviL  c.  8, 


cKRTsotn;^ 

The  cbfysalite  is  foand  to  angolar  ffagmenUy   in    <^tfT^tc 
glimiai,  aad  crystallized.      The  primitive  foroi   of  its   *  ■>■  v  ^^ 
ciyil»ls  19  a  nghuangJcd  pajnUelopiped^  whasc  iengtb,     ^** 
breadth^  ^od  thickne&s^  mrc  as  5,  i/b,  V5*.     The  edges 
of  tbe  prism  are  usually  truncated.     The  lateral  planes 
are  locigitudinallj  streaked. 

Colour  pistachio  green,  sometimes  approaching  olive  Ptopqtk^ 
greeoy  grass  green,  or  even  broccoli  brown.  Eaeemal 
faistre  oi  the  cr^  stals  4;  internal  4,  and  vitreoas*  Fnc* 
tore  perfect  conchoidal.  Frageneots  sharp-edged^  Trans- 
paxeocj  4*  Causes  double  refraction.  Hardness  9* 
Brittle*  Frangibilitj  4.  Specific  gravilj  from  S-410 
to  3*440.  Infusible  at  150^,  but  loses  its  transparency^ 
and  becomes  blackish  grey  t^  With  borax  it  melts 
trith<uat  effervescence  into  a  transparent  glass  of  a  light 
green  colour.  Infusible  with  microco&mic  salt}:,  and 
fixed  alkali  { . 

This  species  has  been  united  with  the  precedtog  by 
Haoy,  on  account  of  the  sameness  of  the  primitive 
Ibrm  of  the  crystals*  1 1  occurs  chiefly  in  basalt^  and  is 
very  oommon^  usually  tn  roundish  pieces  or  grains* 
though  sometimes  crystallised  in  rectangular  four* sided 
prisms. 

Colour  intermediate  between  asparagus  and  olive 
green.     Interoal  lustre  5  ;  resinous.      Fracture  tmper* 


•  Hof « JWr.  Je  Mim,  New  u^i.  s^i .  f  Kirwia'«  Mm,  i  1165. 

( Vtvfiicliii,  jUf,  if  Chm.  ixi.  97.  f  KLrmo,  L 165. 
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Book  III.  feet  small  conchoidal.  Fragments  sharp-edged.  Often 
'  in  small-grained  distinct  concretions.  Transparencj  3. 
Frangibilitj  5.  Hardness  9.  Specific  gravity  3*225* 
to  3*265  f.  Nitric  acid  dissolves  its  iron^y  «>d  de- 
ppves  it  of  its  colour.  Infusible  before  the  blow-pipe. 
Melts  with  borax  into  a  dark  green  bead. 

Sp,  4.     Coccolite  $• 

This  is  one  of  the  new  minerals  discovered  by  Dan. 
drada  during  his  travels  in  Sweden  and  Norway.  It 
was  found  in  the  iron  mines  in  Sudermamilandy  and  at 
Arendahl. 

Colour  mountain,  grass,  and  olive  green.  Massive. 
Internal  lustre ;  vitreous.  Fracture  foliated.  Clea- 
vage single,  according  to  Dandrada ;  but  Hany  diioo- 
vered,  in  the  specimen  he  examined,  that  itwasdoohk* 
Composed  pf  large  and  small  granular  coDcretioos) 
some  of  which  affect  the  form  of  four-sided  prisms^ 
and,  according  to  Hauy,  approach  the  primitive  form  of 
augitc.  Transparency  2.  Streak  greyish  white. 
Scratches  glass,  and  gives  a  few  sparks  with  steel. 
Specific  gravity  3'316  ||  to  3'3739ir«  Infusible  be- 
fore the  blow-pipe.  With  carbonate  of  potash  melts 
into  an  olive  green  vesicular  glass  ;  with  borax  into  a 
pale  yellow  transparent  glass. 


*  Werner.  \  Klaproth.  |  Kirwan,  i.  064 

{  Dandrada,  Nicholson**  ^arto  Jour,  v.   195.     Jameson,  ti    $1%, 
Hauy,  iv.  ^ss,    Brodunt,  ii.  504. 
g  Drandada.  5  Hauy. 


Pyroxnte  of  Hauy — Foicanitf  of  Dclamcthcrie— *Or. 
tahidral  Baxaitine  of  Kirwaii. 

This  intneral  is  found  in  basalt.  It  is  aomettmes  m 
grains,  but  most  commonly  in  crystals*  The  primitive 
form  of  its  crystals  is  an  oblique  angled  prism,  whose 
bases  arc  rhombs  with  angles  of  92**  18*  and  87^  42* t* 
It  is  generally  crystallized  in  six  or  eight  sided  prisms^ 
terminated  by  dihedral  summits  t*  Crystals  mostly 
small,  but  complete. 

Colour  blackish  green^  sometimes  passing  into  leek 
green,  and  rarely  to  liver  brown*  Internal  lustre  ?, 
resinous.  Fracture  uneven,  passing  into  imperfect  small 
conchoidaU  The  crystals  pass  into  perfect  foliated  with 
W  double  cleavage.  Fragments  sharp>edged,  Trans- 
pftrency  2.  Hard*  Frangibility  3.  Specific  gravity 
Irom  3*2265 §  to  3*4711  ||.  Before  the  blow-pipe  it 
is  with  difficulty  converted  into  «  black  enamel. 

Sp.  6,     Diopside  ^. 

MussiU  and  Alalitt  ot  Boavot&in. 

This  mineral  occurs  in  the  Fiedmontesc  Alps,  and 
discovered  by  Bonvoisin^  and  described  by  him  in 
be  Journal  de  Physique  for  May  1806.  Specimens  of 
tt  were  sent  to  Paris,  where  it  was  examined  by  Hauy  ; 
and  from  its  peculiar  characters  constituted  by  him  into 


*  Kir«aa»  i«  ^19, — Brochant.  i.  179. — Hsfly»  iU.  So, — JamesoD^i  5p, 

flUttr*  IWcnicr.' 

%  Hftuf  tnd  TpODdi^r,  NicholMti'i  /#fir.  laiv  I4« 
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a  new  ^p^cirs,  under  the  nanac  q(  dicfiidfp  bom  the  a] 
pcarance  of  its  primitive  crystals*  For  the  oatj  de* 
scriptioii  of  it  which  1  have  tet ii|  w«  ftre  indebted  to 
Mr  Tonnelicr,  keeper  of  the  ctbtnet  of  mttter^ogj  le 
the  council  of  mines  in  Paris. 

It  oGcuti  sometimes  amorphout,  but  most  comvnonl 
crystiUtzed.    Its  primitive  form  is  a  righUar^led  quad, 
ranguiar  pri^m,  with  obUquc   la^es*     The  angle  of  in- 
cidence bciuten  the  di^^/'tial  oi  the  base  and  the  edge 
ot  the  priHiDt  at  which  ii  ierminate$»  i%  lOl^  S'.    The 
prtsm  i%  vubdivistble  b>  vrry  clcari  sectHtnt  in    the  d^ 
rection  of  the  diagonals  ot  its  bast*     The  prinapal 
varieties  of  the  crystals  arc,  1,  the  primitivt  form  ;  2, 
n  didoiiecahedral   crystal  conti^iing  of  a  mrelvc^iMlcd 
pn^m^   terminated  at  each  extremity  by  six  fftceSt  ii» 
tuaied  two  and  two*  one  above  the  other*      Somctiittei 
it  is  compact^  and  sometime;!  in  ctlindroid  prisma.    The 
crystals  of  the  variety  cailtd  musttie  are  small,  elckftg*- 
ted,  and  commonly  opaque.  Those  of  the  variety  caHed 
alaiite  are  larger,  ttaribluctd^  and  of  a  grceoish  white 
colour.      Colour  grccfi,  greenish  grey,  greenUli  white, 
and  yellowish  white.    Lustre  not  mentioned.     Fracture 
appears  to  be  foliated.     Tr 'nsparency  0  to  2  or  $.      It 
scarcely  scratches  glass,  but  it  scratches  fluate  of  lioM, 
Specific  gr^ivity  3'2S14*    Before  the  blow-pipe  it  fitici 
into  a  glass  of  the  same  greenish  colotir  as  tbe  mtaetal 
itself. 

Jfyacmthine  of  Delametherie— /^/ofrArr  of  Haay. 
This  mineral  is  found  among  the  exuviae  of  niotm! 


VESHOVUkV, 


$IT 


Vesuvius,  iJi  a  rock  composed  of  mca^  hornhhndif  gar-^ 
i,  aod  calcareous  spar*  It  wa«  formerly  confounded 
tth  tbe  bjacinih* 

Colour  olive  grcen^  sometimes  passing  into  blackith 
I,  sometimes  into  liver  brown.  Massive^  aad  oL- 
crystallited  in  four-sided  rectangular  prisms^  ha* 
ring  the  edges  truncated*  Its  primitive  form  is  a  four* 
ided  rectangular  prism,  little  different  from  a  cube, 
iivisible  io  the  direction  of  the  diagonals  of  the  base. 

legrant  molecule,  a  triangular  prism  *«  Lateral  planes 

f  the  crystals  slightly  streaked.     Crystals  short,  and 

ally  small.     External  lustre  3  %  internal  2,  between 

itreous  and  resinous.     Fracture  small  grained,  uneven* 

is  a  ttmdency  to  small  grained  distinct  concretions, 
Trmosparency  2*  Scratches  glass.  Specific  gravity 
rom  S*0882  to  3'409  f.  With  borax  it  melts  into  n 
eUowish  glass,  which  appears  red  while  hot  %* 

TH£  com  position  of  the  minerals  belonging  to  the 
chrysolite  family*  according  to  the  most  accurate  ana- 
bitherto  made^  is  as  follows  : 


ChryioUrt 
^ V— 1» 
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From  these  analyses,  it  appears  that  all  the  spcdet 
contain  a  considerable  proportion  of  silica.  Iron  alio 
enters  into  the  composition  <ff  each  ;  but  the  other  in. 
gredients  varj.  The  composition  of  the  augite  and 
coccolite  approach  so  close! j  to  each  other,  as  well  u 
their  external  characters,  that  they  will  probably  toni 
out  to  be  only  varieties  of  the  same  species.  The  oii- 
vine  and  chrysolite  differ  chiefly  in  the  proportioos  of 
the  silica  and  magnesia. 

IV.    Garnet  Family. 
The  species  belonging  to  this  family  are  five;  nrnt^m 


*  Klaproth*«  Beitragf,  i.  102.  f  Klaprotb,  Ibid  p.  IiQw 

I  Vauquclin,    Ann  de  Chim.  xxi.  97. 

^  From  lliikcl.     Klaproth,  Ibid.  p.  118. 

P  From  Karlc^bergc.     KUproth,  ibid.  p.  III. 

^  Vauquclin,  Hauy,  iv.  357. 

*♦  Vauquclin,  J  ur.  de  Min,  No.  zxkIx.  I7Z. 

f  j-  Trommidorf,  G(hlcn\  Jour,  i.382. 

\\  Foliated  augite  from  the  south  Alps.     Klaproth,  Biifragetiwm    -S 

j5  Klaproth,  Beiirage^  ii.  33.  CH  Ibid,  jw  38. 
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5  ieucitif  meianite^  gamei,  stauroUu^  pyrope*     They 
bear  a  strong  resemblance  to  each  other  \n  the  figure 
'  their  crjstaJs,  which  is  almost  always  complete, 

45^.  1*    Leucife  *. 

tjisvtr.ri  of  Kirwan — White  Gurnet  of  Vesuvius— 
jimphigefie  of  Hauy* 

This  stone  is  usually  found  in  volcanic  productions^ 
Hd  is  vtrj  abundant  in  the  neighbourhood  of  Vesu- 
ins*  It  is  always  crystallized.  The  primitive  form 
if  its  crysiah  is  either  a  cube  or  a  rhomboidal  dodeca- 
Icdron,  and  its  integrant  molecules  are  tetrahedrons  ^ 
mt  the  varieties  hitherto  observed  are  all  polyhedrons. 
The  most  common  has  a  spheroidal  figure,  and  is  bound* 
td  by  24  equal  and  similar  trapezoids  \  sometimes  the 
ices  are  12|  18|  36,  54»  and  triangular^  pentagonal,  &:c. 
For  a  description  and  figure  of  several  of  these,  I  refer 
the  reader  to  Mr  Hauy  +-  The  crystals  vary  from  the 
iTze  of  a  pin^head  to  that  of  an  inch. 

Colour  yellowish  and  greyish  white  ;  very  seldom 
reddish  white.  Interna]  lustre  3,  vitreous*  Fracture 
Imperfect  fiat  conchoidal,  sometimes  inclines  to  foliated. 
Vragmenls  sharp-edged.  Transparency,  2, 3.  Scratches 
»lass  with  difficulty*  Brittle-  Frangibility  4.  Sjieci- 
ic  gravity  from  2*455  to  2'490  j.  Its  powder  causes 
lynip  of  violets  to  assume  a  green  colour  $.  Infusible 
ly  the  blow-pipe.  Gives  a  wliite  transparent  glass 
pitli  borax. 


I  J^mr*  it  MiiL.  Hot  ixriL  1%$-       t  Kbproch,  Btiir^itt  it.  4t»  sad  J5* 
,U«3.^uli3l»    J9itr,  de  Milt,  No.  mix.  i6j. 
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^^{  Sp.2.  MilaniteK 

'*'      "^  Black  Garnet. 

This  mineral,  which  has  hitherto  been  fonnd  onlj  it 
Frescati  and  St  Albano,  near  Rome,  was  long  confovod- 
cd  with  garn$t.  It  was  first  accurately  distioguisiicd 
by  Werner. 

Its  colour  is  velvet  black,  sometinaes  inclining  ts 
greyish  Mack.  It  is  usually  in  complete  crystals.  Thty 
consist  of  six-sided  prisms  accuminated  by  three  plaaa^ 
which  are  placed  on  the  alitinate  lateral  edges.  SurfiMC 
smooth.  Luktre  3.  Fracture  imperfect  flat conchoidaL 
Fragments  sharp-edged.  Opaque.  Hard.  Fraogtbilitj 
4*     Specific  gravity  from  3*001  f  to  3*800  %. 

Sp.  3.     Garmt  {. 

This  mineral  occurs  abundantly  in  primitive  no«&- 
Cryitak  tains^  It  is  usually  crystalltied.  The  primitive  form 
of  its  crystals  is  a  dodecahedron,  whose  sides  are  rhoabi^ 
with  angles  of  7g^  3  T  44",  and  120^  28'  16'.  The  in. 
clination  of  the  rhombs  to  each  other  is  120^.  This 
dodecahedron  may  be  considered  as  a  four-sided  prisaHy 
terminated  by  four.sided  pyramids  {[.  It  is  divisibleia- 
to  four  paralIelopipedS|  whose  sides  are  rhombs  ;  and 
each  of  these  may  be  divided  into  four  tetrahedroni^ 
whose  sides  are  isosceles  triangles,  equal  and  similar  lo 
either  of  the  halves  into  which  the  rbomboidal  faoes  of 


«  Brochamt,  i.  191.— JamcMNi,  i.  61.  f  Kanitfk  |  Werner. 

{  Kirwan»  i.  258. — (;erhard,   DhfMwtk  Fh^sk^^iyamm  CwmmtUrmm, 
&c.— PaAunioC,  y#«r.  1//  FAyj.  iii.  44l^Wieglcb,  j^m.  it  CUm,  i  »ji.— 
[  Brodianc,  i.  195.— Hauy,  ii.  340 — Jamesoiiy  i.  64. 

|i  Rome  dc  Lisle,  ii  i%%.  and  Haa/»  Ann,  it  Ckim.  xrii-jo^. 


I  the  dodecahedron  arc  divided  by  their  shorter  diagonaU 
The  iiuegraiu  molccalcs  of  ganiet  arc  stmiiar  tetrahe- 
drons •.  SoTnetitnt;^  ihc  edges  of  the  dodecahedrons 
are  waoting^  and  small  tkccs  in  their  place  ;  and  some- 
tiices  garnet  is  crystaUited  in  polyhedrons^  having  2i 
fripcEotdal  faces.  For  a  description  and  figure  of  these, 
and  other  varieties  of  garnet,  ibc  reader  is  referred  to 
Rome  de  Lisle  and  Hauj  f. 

Werner  divides  this  species  into  two  subspecies  i 
tntnclj,  the  pnciotu  and  *cammon  garnet.  They  arc 
distinguished  from  each  other  by  colour,  lustre^  frac* 
lure,  distinct  concretions,  transparency,  and  specific  gra* 
^ity. 

Suhpecui  !•    PreciQUs  Garnet* 

This  is  supposed  by  some  to  be  the  carbuncle  of  the 
ancients.     It  is  employed  in  jewellery. 

Colour  rtd.  Hence  the  name  of  the  mineral,  from 
its  supposed  resemblance  to  the  ilower  of  the  pomegra- 
liate.  Passes  from  columbine  red  to  cherry  and  brown 
red.  Commonly  crystaUtzed,  and  the  crystah  are  aU 
ways  complete:  sometimes  in  round  grains.  External 
lustre  2  i  internal  3,  2,  vitreous.  Fracture  perfect  coa- 
chotdal,  sometimes  inclining  to  coarsf -grained  uneven* 
'Fngmeots  sharp-edged.  Sometimes  in  lamellar  dis- 
tiiict  concretions.  Transparency  from  4  to  2,  Scratches 
quartz,  Bntile*  Frangibihty  3.  Specific  gravity  from 
4*085  t  to  4-352  }• 


*  H«t)y»  Ibid*  306' 
[  m«pot)u 


{ lUttten* 
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Chap.  II.  Subspecies  2,     Common  Garnet. 

Colour,  various  shades  of  browa  and  green ;  namelj'^ 
liver,  yellowish  and  reddish  brown  \  olive,  pistachin^ 
blackish,  and  leek  green  ;  Isabella  jellow  ;  blood  red; 
greenish  black.  Different  colours  often  appear  in  the 
same  mass.  Massive,  but  never  in  grains  or  angoiir 
pieces  ;  sometimes  crystallized.  Surface  of  the  crys- 
tals diagonally  streaked «  External  lustre  3,  2;  iotemd 
•2»  between  resinous  and  vitreous.  Fracture  fine-grained 
uneven.  Fragments  not  sharp-edged*  In  smalUgnuttd 
distinct  concretions*  Transparency  2  ;  black  variedes 
nearly  opaque.  Frangibility  4.  Specific  gravity  from 
3'6G3  *  to  3*757 1-  Melts  before  the  blow-pipe  more 
easily  than  the  first  subspecies. 

Sp.  4.    Granatitet* 

Staurotide  of  Hauy — Piirre  de  Croix  of  de  Tiitlf  m. 
StauroUthe  of  Lametherie* 

Crystals.  Granatite  is  found  in  Galicia  in  Spain,  Britanny  in 

France,  and  at  St  Gothard.  It  is  always  crystallized 
in  a  very  peculiar  form  ;  two  six-sided  prisms  intersect 
each  other,  cither  at  right  angles  or  obliquely.  Hence 
the  name  cross-stone^  by  which  it  was  known  in  France 
and  Spain  §.  Mr  Hauy  has  proved,  in  a  very  ingenioos 
manner,  that  the  primitive  form  of  the  granatite  is  a 
rectangular  prism,  whose  bases  are  rhombs,  with  angles 
of  1291*'  and  50t**;  and  that  the  height  of  the  prism  is 


•  Karitcn.  f  Werner. 

\  Brochant,  ii.  496 — Hauy,  iii.93.— Jamesoa,  U  yC, 
\  Komi  de  LItle,  ii.  435. 
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D  the  greater  diagonal  of  ihc  rhomb  ai  one  to  %ix  /  and  GanKt 
hat  its  integrant  molecules  are  rriaitgular  prisms,  simi*  '^'  ^' 
^r  to  what  would  be  obtained  bj  cutting  the  piimitiva 
arystal  in  two,  by  a  plane  passing  verticallj  through 
he  shorter  diagonal  of  the  rhomboid al  base.  From 
bis  structure  he  hat  demonstrated  the  law  of  the  fpr« 
inatron  of  the  cruciform  varieties  *• 

Colour  dark  reddish  browt)«  Surface  sometimes 
tmoothf  somerimcs  uneven*  Iiitcmal  lustre  2i  bctwccii 
ritreous  and  resinous.  Fracture  betweeu  small-grained 
ineven,  and  inripertcct  conchoidal.  Transparency  often 
>,  sometimes  2.  Scra(ches  quarts  feebly.  Brittle. 
^Tangibility  4.  Specific  gravity  3*2861*  Infusible 
>efbre  the  blow-pipe. 

^^  Sp,  5.     P}TOpr  f. 

This  mineral  which  is  found  in  Bohemia,  and  was 
brmcrly  distinguished  by  the  name  of  Bohemian  gar- 
let,  has  been  lately  separated  from  the  garnet  by  Wer- 
lerp  and  made  a  disiinct  species.  It  is  never  found  cry- 
rtallizedy  but  only  in  round  or  angular  fragments^  asu- 
llly  smail. 

Colour  dark  blood  red,  which  when  held  between  ^ 

lie  eye  and  the  lightp  inclines  strongly  to  yellow.    Lus- 
fe  4,  vitreous.     Fracture  perfect  conchoidal.     Frag. 
tents  sharp-edged.    Transparency  4,    Scratdies  quarts, 
pecific  gravity  3*116  t  to  3*041  $* 

The  constituents  of  the  preceding  species^  according  Ccnttlta* 
o  the  most  exact  analyses  hitherto  made,  arc  as  follows:  *^*^ 


I  XJaprotlu 


f  Jamciotii  i<  J^. 
$  Wrnier. 
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From  these  analyses^  it  appears  that  all  the  apedet 
contain  a  considerable  proportion  of  silica  and  aliiiiiiaa« 
These  with  potash  and  a  little  lime  constitute  the  kn- 
oite.  Granatite  setms  likewise  to  contain  potash  ;  and 
besides  the  constituents  of  leucite,  it  containa  a  consi. 
•derable  proportion  oi  iron.  In  the  common  garnet  the 
constituents  are  the  same  ;  but  the  proportion  of  line 
is  considerably  increased,  while  that  of  the  alumina  ii 
diminished.  Pjrope  differs  from  all  the  rest  in  cod- 
Uining  magnesia. 


V.     Ruby  Familt. 

The  minerals  belonging  to  this  familj  tre  divided 
Into  six   species,  namelj,  ccj/anite,  spinellp   jaffUn^ 


*  Khpnich,  Beitrage,  ii.  50.  f  VaaqueKiu 

X  V&uqiirlin,  Hauy,  ii.  543.  {  KUproth,  Beifrmgt^  ii.  s6« 

;-  Vauquclin,  Hauy,  ii.  543.  i  Vauquelio,  IbicL 

*^  Olive  green  gjriicc  from  Siberia.     Kbproth,  Btiir^e,  iT.319. 

f  I  Vauqiieliiip  J^»it  i/e  Mm.  No.  liii.  353  j  and  Axn.  A  Ckm*  sai.  106. . 

tt  Klaproch,  lieiirajie,  ii.  21. 
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\mm^y,  t^undum^  ttid  ndnmxmtine  spar.  Thcf  afe  all 
^xtremelj  hird,  and  several  of  thtm  highly  vtlucd  on 
Atcoont  of  their  beauty. 

PUonaitr  of  Hauy. 

The  foineral  denominated  ceylanhe^  from  the  islaod 
of  Ceylon,  from  which  it  was  brought  into  Europe,  had 
been  observed  by  Rome  de  Ltsle  f ;  bnt  was  first  dc- 
icftbcd  by  La  Mctherie  ia  the  Jtfumai  df  Pbysiqui  iot 
January  17^3. 

If  is  most  comillonjy  found  io  rounded  masses  i  but 
tometimes  also  crystal Itxed*  The  primitive  form  of  its 
crystals  is  a  regular  octahedron  ;  it  often  occurs  under 
this  form,  but  more  commonly  the  edges  of  the  octa- 
hedron arc  wanting,  and  small  faces  in  their  place  t* 

Cok>ur  appears  dark  indigo  blue,  passing  into  bluish 
M»ck  ;  but  when  closely  examined  proves  greenish 
black.  Surface  rough.  External  lustre  o  nearly  j 
iotcmal  3,  4,  resinous •  Fracttirc  perfect  flat  concfao?- 
dal.  Fragments  very  sharp^edged.  Scratches  quartz 
tltghlly*  Frangibiiity  4.  Specific  gravity  from  3'164T 
10  a^lMl  $•     infusible /»tfr  se, 

Sp.2.     Spinel!  \\. 

Spinel  and   balass  ruby  of  ILwmzn^^Rubu  ipimlJe  oc* 
toedre  ofDe  lA^U^^Spintlltis  of  Gmetln. 
This  atone,  which  comes  from  the  island  of  Ceylon^ 


(goa,  p.  ^18  — JamesoQ,  ii.  531, 
f  Crji'«%.  iil  18a  Note  at, 

t  Hsuf.  Imr,  de  Min*  No.  iiiviii.  164.  {  Haof . 

I  See  ICirwan*!  Af  ^.  u  -ijj.— Jtomt  dc  Liiie,  ii.  St^^^Uaprodt,  Bp» 
Fcl.  IK  P 
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Book  III.     is  usually  crystallized.    The  form  of  its  integrant  par- 
I     ^l'   It   tides  is  the  tetrahedron.      The  primitive  form  of  its 
Cryttals.       crystals  is  a  regular  octahedron,  composed  of  two  £Mir- 
sided  pyramids  applied  base  to  base,  each  of  the  sides 
of  which  is  an  equilateral  triangle.     In  some  cases  two 
opposite  sides  of  the  pyramids  are  broader  than  the 
other  two  ;  and  sometimes  the  edges  of  the  octahedroa 
are  wanting,  and  narrow  faces  in  their  place.     For  fi- 
gures and  descriptions  of  these,  and  other  varietiei  of 
these  crystals,  the  reader  is  referred  to  Rom6  dt  liuk 
and  the  Abbi  Estner  *•     It  occurs  also  in  tetrahedrooii 
in  rhomboids  whose  faces  have  angles  of  120^  and  00% 
in  rhomboidal  dodecahedrons,  and  in  four- sided  priimi 
terminated  by  four-sided  pyramids  f. 

Colour  red,  passing  on  the  one  side  to  blue,  and  on 
the  other  to  yellow  and  brown.     From  carmine  red  it 
passes  into  crimson,  cochineal,  and  cherry  red ;  and 
into  plum,  violet,  and  indigo  blue ;  and  likewise  iatc^ 
blood  red,  orange  yellow,  and  reddish  brown.     SurfucB 
smooth.     Lustre  4,  vitreous.   Fracture  perfect  flat  coo-^ 
choidal,   sometimes   imperfectly  foliated.      Fragment.^ 
sharp- edged.      Transparency  from  2  to  4.      Scratches 
quartz  strongly.    Scratched  by  sapphire.    Specific  gra^ 
vity  from  3-570  t  to  3*100  §.      Infusible  before  tb  .« 
blow- pipe  :   melts  with  borax.     The  ancients  seem  ^m. 
have  classed  this  stone  among  their  hyacinths  ||. 


0^,  dtr  Beriin,  Hi.  3^6  and  Beitrage,  ii.  1 — Vaoqwlin,  Amm.  it  Chim, 

3.  and  xxii.  141.--  Brochant.  i.  aot — Haay,  iL  496.— Boonao,  .9^ 

Trans.  i8oa,  p.  304.^Janicson,  i.  78. 

*  Cryttall.  ii.  xlt. — Estner* s  Miner.  73. 

f  BournoD.  %  Klaproth.  {  Wcfiicr. 

l  Plimi  lib.  xxzvii.  c.  9. 
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tones  usually  edited  precious  were  first  di&tin- 
|d  on  account  of  their  colour.  Those  that  had  a 
Ipmr  were  called  mbies  ;  the  jellow  were  iopa* 
the  blue,  sapphires  ;  and  the  purple,  amfthysts* 
^ioon  observed^  however,  that  most  of  the  pro- 
for  which  thefe  stoties  were  valued  i?acre  pro- 
to  their  hardness ;  and  as  the  finest  kind 
Dm  the  East,  it  was  usual  with  laptdanes  to 
^sfa  them  by  the  epithet  oriental.  Mineralogists 
customed  to  consider  these  stones  as  distinct 
|tiU  Rome  de  Lisle  observed  that  they  agreed  in 
of  their  crystals,  their  hardness^  and  most  of 
ithcr  properties  ;  and  Werner  made  the  same  re- 
Dut  the  same  time.  These  observations  were  suf- 
constitute  them  one  species  ;  and  accordingly 
Ire  made  one  species  by  Rome  de  Lisle  himself^ 
ran>  and  several  other  modem  mineralogica! 
Rome  de  Lisle  gave  the  species  the  name  of 
"but  this  has  been  since  confined  to  a  different 
^  This  induced  Huuy  to  invent  the  new  word 
bbut  the  term  sapphire^  appropriated  to  this  spc- 
ff  Werner  and  Delametberie,  was  adopted  by  mi- 
>gista  in  general. 

gphire  is  found  in  the  East  Indies,  especially  in 
Bid  the  island  of  Ceylon  ;  and  it  is  most  com- 
f  crystatlizcd.  The  crystals  are  of  no  great  size  ; 
^primitive  form,  as  has  been  demonstrated  by 
Hp,  is  a  rhomboid,  whose  angles  are  86**  and  Q4^» 
Hch  therefore  is  nearly  rectangular.  Sometimes 
Ks  in  this  form,  tiiough  but  seldom.  Bournoa 
cribed  no  less  than  eight  modificatioos  of  i\* 

P  2 


Ruby 
Fimify 


Hittofy. 
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BooklH.     We  may  consider  the  primitive  form  as  composed  of 
\  II  .^  n    I    two  trihedral  pyramids  united  base  to  base,  the  solid 
angles  of  which  are  composed  of  three  acute  angles  of 
tlie  faces.     The  eight  modifications  are»  1.  The  stun- 
mit  of  the  pyramids  is  replaced  by  a  face  perpendiculai 
to  the  axisy  and  of  various  sizes.     2*  The  edges  of  tilt 
base  of  the  primitive  pyramids  are  replaced  by  facts 
parallel  to  tlie  axis,  which  separates  the  pyramids  by  a 
sir-sided  prisoa  with  rhombic  planes*    Often  thia  lao* 
dification  runs  into  a  regular  six^-sided  prism.    3.  Adc^ 
cremcnt  takes  place  on  the  fiat  auglet  of  the  base,  whick 
converts  the  pyramids  to  siat-sided,  so  that  the  crystil 
ia  often  a  dodecahedron,  composed  of  two  tiz^sided 
pyramids  applied  base  to  base  i  but  it  is  very  seldom 
that  both  pyramids  arc  complete.      This  modificalioQ 
is  often  combined  with  the  second.    4.  The  solid  angk 
at  the  summit  is  replaced  by  three  faces,  which  soiae. 
times  become  so  large  as  to  cause  the  faces  of  the  pri- 
mitive rhomboid  to  disappear,  and  converts  the  ciystai 
into  a  secondary  rhomboid,  whose  faces  have  angles  of 
114^  and  66^.      5.  A  more  rapid  decrement  of  the 
same  kind  produces  a  rhomboid  still  more  acute,  the 
faces  of  which  have  angles  of  117^  and  (i3«.    6.  Simi- 
lar decrements,  still  more  rapid,  form  a  third  rhomboid 
still  more  acute,   whose  faces  have  angles  of  IIS)^  14' 
and  60^  46'.     7.  The  acute  angles  which  rest  upon  the 
base  of  the  primitive  pyramids  suffer  a  decrement,  which 
converts  the  crystal  into  a  six-sided  prism,  whose  faces 
correspond  with  the  solid  angles  of  the  base  of  the  pri- 
mitive pyramids.      8.  A  six-sided  pyramid,  the  solid 
angle  of  whose  summit  measures  24^.      Each  of  the 
edges  of  the  pyramid  is  replaced  by  a  small  face,  whick 


EKSRr, 

♦ 

tnakes  tbe  pji  ami^  a  dcd^cahedron  *•  The  crjrsuls 
arc  complete i  planes  often  transversely  streaked*  Oc- 
curs often  in  small  rolled  pieces. 

Colours  blue  and  red.  From  Berlin  blue  it  pfis&es 
into  indigo  blue,  and  into  axure^  violer,  lavender^  lilac, 
and  sky  blue,  and  deep  green  :  from  lilac  blue  into 
peach  blossom,  crimson,  cochineal,  and  carmine  red  j 
also  into  rose  red,  reddish  white,  and  yellowish  white  ; 
from  lavender  blue  into  pearl  and  bluish  grey,  and 
bluish  white.  Lustre  4»  vitreous*  Fracture  conchoi- 
dal*  Transparency  from  4  to  2.  Causes  only  single 
refraction.  Harder  than  all  mincralsi  except  the  dia- 
tnond.  Frangibility  4.  Specific  gravity  from  4'000 
to  4*083  f.  Infusible  before  the  blow-pipe.  Melts  with 
t»0rax  without  effervcscencct 

Sp.  4.     Emery  t* 

This  mineral  is  brought  to  Britain  frotn  the  isle  of 
Ifaxos,  where  it  must  exist  in  great  abundance.  It  oc- 
curs also  in  Germany,  Italy,  r<nd  Spain,  It  is  always  in 
shapeless  masses,  and  mixed  with  other  minerals.  It 
has  been  usually  considered  as  an  iron  ore,  because  it  is 
always  contaminated  witli  the  oxide  of  that  metal. 
Colour  intermediate  between  greyish  black  and  bluish 
grey.  Lustre»2|l.  Adamantine*  Fracture  small-grained 
uneven,  sometimes  splintery.  Fragments  rather  blunt- 
edged.  Sometimes  in  fine  grained  distinct  concretions. 
Transparency  0*  Scarcely  yields  to  the  file.  Frangi* 
bility  2.  Specific  gravity  about  4»  This  mineral  is 
much  used  in  polishing  hard  bodies* 
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Book  in.  sp.  5.     Corundum*. 

Chtp.  II.  ^ 

*  ¥  — ^  Corundum  of  Gmelin — Adamantine  spar  of  KUprolh 
and  Kirwan — Corindon  of  Haujr— -CorfvmifiMi  of 
Woodward. 

Hiitoiy.  Though  corundum  appears  to  have  been  known  to 

Dr  Woodward,  it  maj  be  said  to  have  been  first  diitiiu 
guished  from  other  minerals  bj  Dr  Black.  In  1708| 
Mr  Berry,  a  lapidary  in  Edinburgh,  received  a  box  of 
it  from  Dr  Anderson  of  Madras.  Dr  Black  ascer- 
tained that  these  specimens  differed  from  all  the  stones 
known  to  Europeans  $  and,  in  consequence  of  its  hard- 
ness, it  obtained  the  name  of  adamantine  spar.  Not. 
withstanding  this,  it  could  scarcely  be  said  to  have  been 
known  to  European  mineralogists  till  Mr  Greville  of 
liondoui  who  has  done  so  much  to  promote  the  science 
of  mineralogy,  obtained  specinien^  of  it,  in  1784»  from 
India,  and  distributed  them  among  the  tnost  eminent 
chemists,  in  order  to  be  analysed.  Mr  Greville  also 
learned  that  its  Indian  name  was  corundum.  It  is 
found  in  Indostan,  not  far  from  the  river  Cavery,  which 
is  south  of  Madras,  in  a  rocky  matrix,  of  considerable 
hardness,  partaking  of  the  nature  of  the  stone  itself  f. 
It  occurs  also  in  China,  and  in  Ceylon,  Ava,  &c.  The 
Count  de  Bournon  pointed  out  the  resemblance  be* 
tween  this  mineral  and  the  sapphire,  Wk  a  dissertation 
published  by  him  and  Mr  Greville  in  the  Philosophical 
Transactions  for  1798,  and  suggested  it  as  probably 


•  Sec  Kirwan 's  Min.  i. — Klaproth  /«  Be^,  dor  Beriim,  viiL  195.  and 
Ptltrage,  i.  47. — Mr  Greville  and  the  Count  de  Bournoo  in  the  PhiUf^ 
pbicttl  Transact iont  1 798,  p.  403.  and  in  Nicholson's  /oarr.  ii  540.  and  in. 
5.— Mr  Hauy,  Jour,  de  Pby».  iiz.  193.  and  Jwr,  de  Mim.  No.  ixviiL  s6l. 
ijid  TAin<ral  iii.  I.— Brochanf,  i.  356. — Jamefon,  i.  90. 
^  Garrorr  and  Greville,  Nichobon*f /ivr.  ii  54«. 


that  corundam  may  be  only  a  variety  of  the  sapphire ; 
ttod  tbat  the  zeroing  difference  in  their  ingredients  is 
owing  to  the  impurity  of  those  specimens  of  corundum 
Tvhtch  have  hitherto  been  brought  to  Europe^  This 
conjecture  has  been  since  confirmed  by  a  subsequent 
dissertation  of  Boumon,  and  the  chemical  analysis  of 
Cbenevix  *.  Werner  subdivides  it  into  two  species, 
namely  corundum  and  adamantine  jpar  ^  but  in  reality 
they  seem  to  be  only  varieties  or  at  most  subspecies  of 
the  same  species.  The  chief  difference  exists  in  the 
colours. 

Corundum  has  been  found  in  India,  m  the  Ctrnatic, 
and  on  the  coast  of  Malabar.  It  occurs  massive,  in 
rolled  pieces,  and  crystallized.  Crystals  the  same  as 
ID  sapphire*  Colour  greenish  white,  passing  into  green- 
ish grey  and  asparagus  green  ;  sometimes  pearl  grey^ 
^ivhich  passes  into  fiesh  red.  Surface  rough,  flxtemal 
lustre  0  ;  internal  3,  2*  vitreous.  Fracture  foliated. 
Cleavage  threefold.  Fragments  rhomboidal.  Trans, 
parency  2.  Scratches  quartz.  Frangibility  4*  Spe- 
cific gravity  3*710  f  to  4'180  t* 

1^.  6.     Adamantine  5^ar§. 

This  mineral  has  hitherto  been  found  only  in  China. 
Colour  dark  hair  brown.  Massive,  in  rolled  pieces, 
and  crystallized  in  six* sided  prisms  and  six-sided  pyra^ 
snidsp  having  their  apex  truncated.  Internal  Ipstre  4» 
pearly.  Fracture  fob'ated.  Fragments  rhomboidal. 
Transparency  X.  Hard.  Frangibility  4*  Specific  gra- 
vity 3*981  II . 
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STOKES. 


Chi^'n.  "^^  foUoFing  Tabic  exhibits  the  constituents  of  the 
minerals  belonging  to  the  ruby  familjj  according  to  the 
most  exact  analyses  hitherto  made  : 
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Except  the  cejianite  and  spindly  which  sre  distin- 
guished by  containing  magnesia,  the  compositioo  of  all 
these  minerals  is  extremely  similar;  indeed  tnffidently 


AUTOMOJ.ITJS--TOPAZ- 

D,  cspecigli/  ^htn  joined  with  the  external  characUrSf 
p  constitute  them  oiU/  a  single  species. 
Automoiite, 

There  IS  a  very  singular  miRcml  Utely  analysed  by 
Eckehcrg,  uader  the  oame  of  m^iomdiie^  l^hich,  from 
tbc  ioB perfect  description  which  he  has  given«  appears 
o  approach  the  spinell  and  cc^lanite  in  its  propcrticst 

Its  colour  is  dat  k  green.  Always  crystallized  io  re- 
gular octahedrons,  similar  to  the  form  of  the  spinelL 
^jc  crystals  arc  sroall.  Longitudinal  fracture  foliated; 
^os£  fracture  uneven  and  somewhat  conchotdal*  Trans* 
^arency  in  small  pieces  2.  When  poundiJ,  it  be^ 
pomes  light  green.  Specific  gravity  4*£GI»  Not  fu- 
tible  by  the  blow- pipe.  With  borax  it  melts  into  a 
;Iass  green  whik  hot,  but  colourless  whea  cold*  Its 
onstituents  are. 


Alumuia 

Silica 

Zinc  oxide**.«< 
Iron  oxide. .... 
Sulphur  and  loss 

Los^ • 

Undecomposed 


00 

24-25 
0*25 

1-15 


100 


ilOO 


VI.    Topaz  Family. 

TllK  topaz,  like  the  diamond,  diflfers  very  much  in 
|s  external   characters  from  all  other  minerals^  and 

^  EckebcTg,  Gehleii**  Jour*  v*  443. 

t  Vttiqueliiii  Gchkn'i  ftttr*    Second  «erki,  iL  jt. 
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BookHf.    therefore  must  at  present  constitute  u,  fSunilj  mpart.    It 
^Ch>p.  I  ^  ^Q^giQs  only  one  species;  namely,  the  commoa  toptL 

Sp.  1.     Topaz  *• 
Occidental  ruby^  topaz^  and  sappbirSm 

The  name  topaz  has  been  restricted  by  Mr  Hany  ta 
the  stones  called  by  mineralogists  occidental  mby,  toptZ| 
and  sapphire ;  which,  agreeing  in  their  cryauUiLadon 
«nd  most  of  their  properties^  were  arranged  under  ene 
species  by  Mr  Rome  de  Lisle.  The  word  iopaz^  de- 
rived from  an  island  in  the  Red  Sea  f,  where  the  aa- 
dents  Used  to  find  topazes,  was  applied  by  them  to  a 
mineral  very  different  from  ours.  One  variety  of  oor 
topaz  they  denominated  cbrysofyc. 

The  topaz  is  found  in  Saxony,  BohemiAy  Stbcria, 
and  Brazil,  mixed  with  other  minerals  in  granite  rocks. 
Qyiult.  )t  is  commpnly  cry«tallizcd.    The  primitive  form  of 

its  crystals  is  a  prism  whose  sides  are  rectangles  and 
bases  rhombs,  having  their  greatest  angles  124^  22*, 
and  the  integral  molecule  has  the  same  form  % ;  and  the 
height  of  the  prism  is  to  a  ^ide  of  the  rhomboidal  bases 
as  3  to  2.  The  difTerent  varieties  of  topaz  crystals  hi* 
therto  observed  amount  to  six.  Five  of  these  are  eight- 
sided  prisms,  terminated  by  four-sided  pyramids,  or 
wedge-shaped  summits,  or  by  irregular  figures  of  7,  IS, 


*  Kirwin's  Mim,  I  454 — Pott,  Mtm.  Btrlim,  1747,  p.  46^— Margni; 
ibid  1776,  p.  73  and  z6a— Hcnkd,  Aa,  Acad.  NmU  uwr.  it.  3i6«— Bro- 
chant,  i.  no. 

t  It  got  its  name  from  Torac^»,  to  seek ;  bccaute  the  island  wit  oftca 
larrounded  with  fog,  and  therefore  difficult  to  find.  Sec  Plinfi  lib. 
SZZTii.  c.  8. 

I  Haoy,  Jntr.  it  Mim.  No.  sxriii.  187. 


or  15  sides;  the  last  variety  is  a  twelve-sided  prism,  ter- 
muiated  by  six-sided  pyramids  wsinting  the  apex*  For 
an  accurate  descriplion  and  figure  of  these  varieties,  the 
reader  is  referred  to  Mr  Hauy  *,  The  lateral  planes 
of  the  crystals  are  longitudinalty  streaked  ^  the  other 
plaoes  are  smooth. 

Colour  wioc  ycDow.  From  pale  wine  yellow  it 
|>asses  into  yellcnvish  white,  greenish  white,  mountain 
green,  sky  blue  :  from  deep  wine  yellow  into  flesh  red 
iknd  crimson  red.  Lustre  4,  vitreous.  Cross  fracture 
perfect  straight  foliated  ;  longitudinal,  small  imperfect 
cotichoidal.  Fragments  sharp-edged,  sometimes  tabular 
and  splintery*  Transparency  from  2  to  4.  It  causes 
a  double  refraction.  Hardness  12  to  14.  Frangibility  4- 
Specific  gravity  from  3*464  to  3*564-  The  Siberian  and 
Braril  topazes,  when  heated|  become  positively  elec- 
trified pn  one  side,  and  negatively  on  the  other  f.  It 
IS  infusible  by  the  blow-pipe.  The  yellow  topaz  of 
Brazil  becomes  red  when  exposed  to  a  strong  heat  in  a 
(TQcible  ;  that  of  Saxony  becomes  white  by  the  same 
process.  This  shows  us  that  the  colouring  matter  oi 
iliese  two  stones  is  di  fie  rent. 

The  composition  of  this  mineral  is  very  remarkable. 
The  first  accurate  analysis  of  it  was  published  by 
Lowitx  i  but  there  was  a  loss  of  l  ptr  cent*  which  he 
could  not  account  for.  Klaproth  repeated  the  analysis, 
and  found  the  loss  owing  to  a  quantity  of  fluoric  acid, 
which  constitutes  a  part  of  the  stone.  The  following 
is  th^  result  of  two  specimens  analysed  by  this  illut- 


Topial 
Famtif* 
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trious  chemist  i  the  first  was  a  Saxoo  topaZ|  the  aceooi 

a  BraLilian"^ . 

Alumina 59 47*5 

Silica 33 44'5 

Fluoric  acid   • .  • .     5   « 7*0 

Iron  oxide   •  • « •   Trace   •  •  •  ^  *5 

Loss ,...  1 *5 

100  *        100 

These  experiments  were  repeated  by  Vauquelb, 
who  obtained  a  greater  proportion  of  fluoric  acid.  The 
following  Table  exhibits  the  results  of  his  trials  f : 


Maxon 

Siberian. 

BrtiiUaaJ    Ditt«. 

Alumina 

Silica 

49 
29 

2 

48 

30 

IS 

2 

2 

47 

28 
17 

4 
4 

50 
29 
19 

2 

Fluoric  add 

Iron  oxidt. •••••• 

IX)S1 

lo:. 

100 

100 

100 

Frrepfcy. 


Messrs  Hisinger  and  Berzellus  have  pohlishcd  a 
description  and  analysis  of  a  mineral  found  hy  Gaho, 
at  Rnbo  near  Fahlun  in  Sweden,  in  a  granite  rock  ;  to 
which  they  have  given  the  name  of  f/rofihyiaXie. 

Colour  white,  sometimes  with  a  shade  of  greeo,  tisa- 
ally  in  irregular  pieces,  sometimes  approaching  to  the 
Aape  of  a  rhomboid.  Fracture  foliated.  The  dea* 
vage  appears  to  be  triple  ;  but  two  of  them,  which  are 


•  Gchleo*!  J9Mr,  iii.  592  and  595. 
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parallel  to  the  sides  of  the  rbofuboid^  are  v^ry  indistinct  i 
while  the  third  parallel  lo  the  asisof  the  rhomboid  is  very 
well  defined.  Fragments  5ndc«crminate>  sharp-edged. 
Tranipatency  l.  Scratches  glass  readily,  but  is  itself 
scrmtched  by  qaartu*  Difficultly  frangible.  Specific 
grmtity  3*451.  The  powder  phosphoresces  slightly 
when  heated*  Scarcely  fusible  before  the  blow- pipe, 
but  becomes  white  and  opKjue^  and  small  babbles  cover 
iti  surface,  which  burst  when  the  heat  is  kept  up. 
With  borax  it  melts  into  a  transparent  and  colourless 
'  glassy  with  soda  it  efft^rvesces,  and  forms  a  porous  mass. 
According  to  the  analysis  of  Hismger  and  Berzelius  its 
constituents  are  as  follows*, 

Alamina.., 53*5 

Silica ...32-8S 

Lime 0*88 

Oxide  of  iroo.. .0*88 

Volatile  matter 0*15 

JiiOSS  ••••••«.••««•. .•11*30 

XOO-00 

Hauy  has  examined  this  mineral  with  his  usual  sagaci^ 
ly,  and  has  satisfied  himself  that  it  is  a  variety  of  to- 
past  +• 

As  a  suiEcicnt  number  of  specicnens  of  the  two  fol- 
lowing minerals  has  not  hitherto  been  exftmined  to  en- 
alile  mineralogists  to  assign  them  a  proper  place^  aod 
las  ihey  agree  nearly  in  their  constituents  with  the  to- 
paXt  ^^^y  ^^y  ^^  placed  provisionally  along  with  that 
CDiiieral. 
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Chtp.  IL  Sfi.  2.    Ftbrohte  *. 

This  mineral  was  first  observed  bj  Boumon  in  the 
inatrix  of  the  iii\perfect  corondam.     Colour  white  or 
dirty  grey.    Hardness  rather  greater  than  that  of  quartz. 
Specific  gravity  3*214.     Texture  fibrous.     Cross  firac- 
ture  compact.     Internal  lustre  glossy.     Infusible  by 
the  blow.pipe.    Usually  in  shapeless  fragments.    Bour- 
non  observed  one  specimen  crystallized  in  a  rhoaiboidal 
prism ;  the  angles  of  whose  faces  were  80^  and  100^. 
It  is  composed,  according  to  Chenevix,  of 
58*25  alumina 
3S*00  silica 
3*75  a  trace  of  iron  and  loat 


100*00  f 


Sp.  3«    SommitiX* 

Nepheltne  of  Kznj^^Hexagonal  white  shorl  of  Ferber*— 
White  hyacinth  of  Somma. 

This  stone  was  called  sommite  by  Lametherie,  from 
the  mountain  Somma,  where  it  was  first  found.  It  is 
usually  mixed  with  volcanic  productions.  It  crystalli- 
zes in  six-sided  prisms»  sometimes  terminated  by  pyra- 
mids. Colour  greyish  white.  External  lustre  3,  vi- 
treous. Longitudinal  fracture  foliated ;  cross  fracture 
conchoidal.  Transparency  2, 3.  Frangibility  4.  Cuts 
glass.     Specific  gravity  3*2741.    Infusible  by  the  blow- 


•  Boumon,  Pbil,  Trans.  i8oi,  p.  289.  f  Ibid.  p.  335. 

I  Brochant,  iL  jax-^Hauy,  iii.  186.— Jimesoo,  il  s^S-^ 
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pipe.     According  to  the  analysis  of  Vauquelin,  it  is 


^composed  of 


49  alumina 
4^  &ilica 

2  lime 

I  oxide  of  iroa 


il3» 


5chnr} 
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VIL    Schorl  Familt. 

This  family  comprehends  ^ight  species  ;  namel/, 
€Ucias€^  emerald,  heryl^  schotlous  beryl^  schorl^  pistazite^ 
zointe^  and  aximU* 

Sf.  1.    Euclaeef. 

This  slone,  which  has  lately  been  brought  from  Peru 
by  Dombcy,  was  at  first  confounded  with  the  emerald^ 
oa  account  of  its  green  colour.  It  is  always  crystal- 
lised. The  priroilive  form  of  its  crystals  is  a  rectangu- 
Imr  prism,  w^hose  bases  are  squares ;  but  it  usually  oc. 
!  curs  in  four-stded  oblique  prisms,  whose  edges  are  va* 
Irioasly  truncated* 

The  crystals  arc  longitudinally  streaked.  Colour 
li& contain  green.  Lustre  4,  vitreous.  Longitudinal 
(fracture  foliai<;d.  Cleavage  twofold.  Cross  fracture 
[coochoidaK  Causes  a  double  refracrion.  Scratches 
lOftrtx-  Frangibility  0.  Specific  gravity  3-0625*  Fu- 
'sible  before  the  blow.pipe  into  a  white  enameU 


•  /MT./f  Mm,  No.  iiviil  179. 

f  Brocbim,  ii.  jot— Hiuy » ii.  53t^JiiiicMo,  u.  xj> 
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CU^U.  sp.  2.    Emerald^. 

This  mineral  comes  chiefly  from  Peru ;  tome  sped- 
mens  have  been  brought  from  Egjpt.  Dolomieu  foaad 
it  in  the  granite  of  Elba.  Hitherto  it  has  been  found 
Gryttilfc  only  crystallized*  The  pdmitire  form  of  its  crystab 
is  a  regular  six-sided  prism  ;  and  the  form  of  its  inte- 
grant molecules  is  a  triangular  prism,  whose  tides  are 
squares,  and  bases  equilateral  triangles  f.  The  moit 
common  variety  of  its  crystals  is  the  regular  six*sided 
prism^  sometimes  with  the  edges  of  the  prism,  or  of  die 
bases,  or  the  solid  angles,  or  both  waatiogp  lod  saiS 
faces  in  their  place  t* 

Crystals  short;  lateral  planes  smooth,  terminal  planes 
rough.  Colour  emerald  green  of  all  intensities.  In- 
ternal lustre  between  3  and  4,  vitreous.  Fractsre  smll 
imperfect  conchoidal,  with  a  concealed  foliated  fiiclm 
and  four-fold  cleavage.  Fragments  sharp-edged.  Tnni> 
parency  4  to  2.  Causes  doable  refraction.  Scralchu 
quartz  with  difficulty.  Specific  gravity  from  2*000  { 
10  2*n55  l|. 

Sp.  3.    Beryl. 

This  mineral  is  found  embedded  in  primitive  rocks 
and  veins  in  many  parts  of  the  world,  espectally  ia  Si* 
beria.    It  is  crystallized  in  the  same  forms  as  the  ense- 


e  Kirwan,  i.  147  and  248. — Dolomieu,  MagMxim  Emcycl^ddifm,  ii.  f  7 
juid  145  ;  and  Jmr.  4i  Mm,  No.  iviii.  19,— Klapndi'o  BtHrmp^  iL  11. 
— Brodvant,  I  317. — Hauy,  ii.  516. — JamnoOi  i.  X05. 

f  Hauy,  J9ur,de  Mim,  No.  lix.  7». 

I  Rome  de  Liile,  ii.  445,  iii4  HMsy.  IbkL 

f  Werner.  |l  Htoy. 
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'J'he  crystals  arc  long,  have  their  lateral  planes  if^^ 
gitadioaUy  stteakedi  their  terminal  planes  soiooth.  <■  ^■■■'i 
Ita  mo&t  Coixunon  colour  is  green  -,  from  motintain 
;rc4in»  it  passes  into  apple^  asparagus^  oil  green,  houey 
reUow  ;  also  into  smalt  and  sky  bloc*  The  colours  are 
IsnmUy  |3ale.  External  lustre  $,  2 ;  internal  3,  vitreous. 
#ro«s  fracture  between  uneven  and  souill  imperfecl 
tmchoidal  :  longitudinal  fracture  foliated,  ^th  afouT'- 
old  cleavage.  Fragnients  sharp^dged.  When  mas* 
iv*e  it  consists  of  thin  pristnatic  distinct  concretions, 
transparency  4  »  sometimes  2,  and  then  it  ejthibiti 
fpost  reAU«  Causes  double  refraction.  Nearly  as  hard 
a  topaz*     Fraiigibiliiy  4*     Specific  gravity  2*650  to 

TlKm  two  minerals  approach  so  nearly  in  their  cha*   Only  »  ▼»- 
nciers*  that  it  would  be  better  to  arrange  them^  as  Hauy  p^ccding* 
done,  merely  as  subspecies.     They  become  electric 


ly  frictioD,  but  not  by  heat*  The  powder  does  not 
phosphoresce  iwhen  thrown  on  ft  hot  ironf .  At  15o4 
Wedge  wood  they  melt  into  an  opaque  coloured  mass, 
(l^coocding  to  DolomieUi  Uiey  are  fuuUe/ifr  se  by  the 
klotv-pipe  t' 

Sf.  4:    ichoriitef. 

Stiot'imii  btryi  of  Werner — Lfuceliti  of  Daubenton — 
Pycmitt  of  Hauy. 
This  stone,  which  reeeiired  its  name  from  Mr  Kla- 
iroth,  is  generally  foisnd  in  oblot«g  masses,  which  wberi 


\  Wcrhen  \  Dolomicu,  /okt.  it  illi«.  No.  ivili.  19.       |  it»i£. 

\  Bnochaot,  I  114,— lii^uy,  Jfi  sj$.**Jsuneiofi,  i.  I16.— Budiola, 

Vol.  /K  Q, 
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B^^  'tT  '''^E^^'^  *'^  s]x*sided  prisms  inserted  in  granite.  It  if 
w^.^*  found  at  Altenberg  in  Saxonj,  in  a  primitive  rock,  lod 
CrjtuU.  likewise  in  other  places.  By  careful  mechanical  divi- 
sion,  small  four- sided  prisms,  whose  bases  are  rhombs 
ii^ith  angles  of  120*  and  60*',  may  be  obtained  ftm 
the  larger  specimena.  Tiiese  Bucholz  considers  as  the 
primitive  form  of  the  schorlite.  The  crystals  comfBOO. 
ly  large. 

The  colour  is  white  of  various  shades,  passing,  oathe 
one  handy  through  greyish  white,  and  yellowish  whit^ 
into  straw  yellow,  and,  on  the  other,  through  rcddiA 
white  into  peach  blossom,  and  even  crimson  red.  Sobk 
specimens  are  marked  with  spots  of  violet  blue.  Lustre 
3,  resinous.  Cross  fracture  imperfect  foliated ;  longi. 
tudinal  imperfect  small  conchoidal.  Composed  of  thia 
prismatic  distinct  concretions,  which  are  longitudioiBf 
streaked.  Transparency  2.  Moderately  hard.  Brit- 
tle. Frangibility  6.  Specific  gravity  from  9*503  10 
3*530*. 

Werner  considers  this  mineral  as  a  subspecies  of  be- 
ryl ;  but  neither  the  specific  gravity,  nor  the  primiiiic 
form  of  the  crystals,  will  admit  of  this  arrangemeot 
It  is  remarkable  for  being  the  second  stony  mineni 
which  was  found  to  contain  fluoric  acid  ai  a  constiuienL 
For  the  curious  discovery  of  the  presence  of  this  add 
in  crystallized  stones,  we  are  indebted  to  Klaproth  i  Bo^ 
cholz  first  found  it  in  a  hard  crystal. 
Sfi.  5.    Schorl\. 
Tourmaline  of  Hauy. 
The  word  schorl  is  said  to  be  derived  from  the  vil* 


t  Kirwaa,  i.  a65.^Hatty,  I'iL  ai.^Brochiat,  i.  aa6.— JaaMiQO,i  tie 
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liw  jfT  Saxonj,  where  the  mineral  to  which      j:^^^^ 
was  originally  given  was  first  observed*-  '      y    ^' 

has  been  used  by  mineralogists  with  leSs 
>han  schorL  It  was  first  introduced  into  mU  Hiitoix- 
^  Cronstedt,  to  denote  any  stone  of  a  colum- 
ponsiderabJe  hardness  and  a  specific  gravity 
4#  This  description  applied  to  a  very  great 
ITones;  and  succeeding  mineralogists,  though 
the  word  more  definite  in  its  signification^ 
so  general^  that  under  the  designation  of 
^st  20  distinct  species  of  ininerals  were  inclu* 
rner  fir»>t  defined  the  word  jcborl  precisely, 
led  it  to  one  species  of  stones.  It  occurs  com* 
iranlte^  gneiss,  and  other  simitar  rocks  ^  of- 
bnt  very  frequently  crystallized.  Primi- 
f  its  crystals  is  an  obtuse  rhomboid  ;  the  so- 
the  summit  of  which  is  139^,  having  rhom- 
ith  angles  of  Hi*'  12'  and  e5^  48  :  But  it 
urs  in  three,  six,  eight,  nine,  or  twelve  sided 
rminaced  by  fodr  or  five  sided  summits,  va-> 
heated ;  for  a  description  of  which  the  read* 
d  to  Hauf\  and  Bo^rnon  %,  The  faces  of 
b  are  often  convex. 

divides  this  species  into  two  subspecies,  dis- 
chicfly  by  their  colour,  and  the  situation  in 
arc  found.  The  subdivision  it  in  some  re* 
renient,  as  it  shortens  description,  especially 
pch  of  mineralogy  which  Werner  has  distin. 
the  name  o( geognosy. 


I  Mirrr.  lit.  14. 
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Chip.  IL  Subspecies  1.    Common  scborL 

Colour  velvet  black.  Fouod  musivcy  disteiniimcd, 
and  crystallized.  Crystals  three-sided  prianiap  haviiy 
their  lateral  edges  truncated ;  sonAetiaies  tcnDuatoag 
in  a  pyramid.  The  crystals  are  mostly  adcular.  LostR 
2f  vitreous.  Fracture  conchoidal,  between  iapcrfiKt 
and  small  grained  uneven.  Opaque.  Oftca  compasri 
of  thin  prismatic  distinct  concretions*  Streak  grij. 
Hardness  rather  inferior  to  quartz.  Specific  griritf 
fcom  3*054  to  9*092.  When  heated  to  redqcas^  itsca- 
lour  becomes  brownish  red ;  and  at  121^  Wedgewodt  | 
it  is  converted  into  a  brownish  cosapact  enamel  *• 

It  often  becomes  electric  wh^  heated,  prcdselj  Uke 
the  succeeding  subspecies  \  but  aometiaaes^  Snm  iu 
containing  particles  of  iron,  tha  eatpcrimc&t  doaa  aol 
suocecdf* 

Subspecies  2.     TCourmaline  ||  • 

This  stone  was  first  made  known  in  Europe  by  spr- 
cimens  brought  from  Ceylon  \  but  it  ia  sow  fmndfcc 
quently  forming  a  part  of  the  composition  of  mouatainii 
It  is  sometimes  in  amorphous  pieceSy  but  muck  noR 
frequently  crystallized  in  three  or  nine  aided 
witlji  four-sided  summits. 


r 

•  Kirwan's  M'm,  i.  x66.  f  Hiuy,  liL  56-  |  R- 

I  Kirwan,  L  271.— Uergman,  ii.  zt8.  ind  v.  402. — Ocrhand  Mm. 
Brri.  1777.  p.  14.— Hauy,  Af<».  Par.  1784,  p.  S70.^Wiliaq, iWL Tr^ 
2IL308. — A^pinot,  Rfcuril  tur  la  Tourmaline, — See  alio  La  Ponerie,<r 
SafffUr,  rOtii  it  Chattel  la  Tourmaline  dt  Ceylam^  tfrmaifmfs, 
i.  188.  Sir  William  Wation  has  shown  that  the  iymemrimm  o£ the  1 
aft  ilcscribcii  Uy  llieophrastus,  must  have  been  the  coenaaliac.  m 
Tr«/.  1759.  p.  3$4. 
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tfietpal  colour*  green  and  hrown*  From  leek  grceft 
pmues  into  pistachio  and  olive  greeny  liver  brown,  ycU 
lowish  tnd  reddish  brown  j  hyacinth  and  crimson  red ; 
violet,  ftltire^  btrlin^  and  indigo  blue.  Found  usually 
cjiystalliied.  Crystals  three,  silt,  or  nin e- sided  prism Sp 
Mriously  truncated.  Lateral  faces  usually  striated  lon- 
;tidtnal)y.  Internal  lustre  4»  vitroous.  Crass  frac- 
has  a  tendency  to  foliated  j  lotigitudinal  perfect 
iheidal.  Transparency  from  0  to  4.  Hsrd.  Fraii- 
gibility4«  Specific  gravity  from  3-0'(04*  to  3*1551 
When  heated  to  200^  Fahrenheit^  it  btcorDes  ^lec- 
Wtit  \  one  of  the  sumnnits  of  the  crystal  negatively^  the 
Glher  positively  t.  It  reddens  when  heated  \  and  is  fu* 
aible  per  le  with  intumescence  into  a  white  or  grey  en* 

The  iiberite  ef  Lermina,  called  d^Quriu  by  Lan»ef))c- 
ftc^  a  nilti«enil  foond  in  Siberia^  is  cansideted  ks  merely 
fc^aridy  of  sobori« 

Sp.  6*     Pista9^ite\. 

Jielphinite  of  Saussurc — Epidate  of  HiQj'^Thaliite  of 
Lamelhcrifc— //ftfifrirow^,  aremdateoi  Dendrada. 

This  fnineral^  which  occurs  in  the  fissures  of  moun- 
tains,  t^s  first  observed  in  Dauphiny,  afterwards  ia 
Oermahy,  N6rwiy,  aiid  othe^  countriet. 

It  occurs  massive  and  crytwiliied.     ThI  prifniti^e   Crystali, 
CBf  m  of  its  crystals  is  a  reciangultr  pritrm^  whos^  basts 
afc  rhombs  with  angles  of  II4**  Si'and  <55*23'  ||.    The 


Hauj.  f  Werner-  %  ^pluti** 

I  {  Uroctunt,  i  510  — Hxuf «  \\w  tbu — j^ziitmfnf  iL  550. 
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Bookrtr.  most  usual  variety  is  tn  elongated  four-sided  prisq 
^'  '  (often  flattened),  terminated  by  four.sided  incomplets 
pyramids;  sometimes  it  occurs  in  regular  six-sided 
prisms  *.  The  crystals  are  often  very  slender ;  Ion. 
gitudinally  streaked.  Internal  lustre  3.  '  Fracture  some- 
times foliated,  sometimes  variously  radiated.  Frag, 
ments  sometimes  wedge-shaped  and  splintery.  In  coarse 
granular  distinct  concretions.  Transparency  2  s  some- 
times 4.  Hard.  Frangibility  4.  Specific  gravity  from 
3'452Q  to  3*46.  Powder  white  or  yellowish  green,  and 
feels  dry.  It  does  not  become  electric  by  heat.  Before 
the  blow-pipe  froths  and  melts  into  a  black  slag.  With 
borax  it  melts  into  a  green  bead  f. 

Sf.  7.     Zoisitc  t. 

This  mineral  has  la'tely  been  introduced  into  the  sfw 
tern  by  Werner,  who  named  it  from  Baron  Von  Zoi% 

the  discoverer.  It  occurs  in  primitive  mountains,  nl 
has  been  found  in  Carinthia  and  Baireuth,  and  likewise 
in  Aberdeenshire  in  Scotland.  Hauy  considers  it  as  a 
variety  of  pi^tazite. 

Colour  yellowish  grey,  sometimes  smoke  grey.  Mas- 
sive and  crystallized  in  very  oblique  four-sided  prislns, 
having  their  obtuse  angles  rounded  off.  Crystals  loa> 
gitudinally  streaked.  Interna]  lustre  3,  inclining  (d 
pearly.  Fracture  foliated  ;  in  massive  pieces,  inclines 
to  radiated.  Only  a  single  cleavage  parallel  to  die 
shorter  diagonal  of  the  prism  hitherto  discovered.  Showi 


*  Rome  dc  LUle,  Crystal/,  ii.  401.  and  Htuy,  Twr.  A  Afur.  NOwux. 
4x5. 

f  Hauy  and  DcKOtiis,  Jtur.  dc  Ma.  No.  lit.  415. 
^  Jameson,  ii.  597. 


AJtlMlfC. 


Sit 


9  teodoiar  ta  tbin  coliiortnar  disuact  concrcu<ms.  Trans-      Schof L 
paieQcy  d,     3peciac  gravity  3*iI5^.  ^—.y... 

5/>,  8.     AxtntU\. 

2'amUt€  of  L«:ntitlicrie — Axinite  of  Hauy— 

Thtimmenione  of  the  Germaus* 

This  5tone  was  first  described  by  Mr  Sclircber^  wbp 
found  it  Dear  Balme  d^Auris  in  Dauphine*  and  gave  it 
the  name  of  sbori  violi  %*  It  ^vas  afterwards  found  near 
Xhum  in  Saxony,  in  consequence  of  which  Werner  call- 
ed  it  tbummerftQUi. 

Il  is  somcticnes  massive  ;  but  more  commonly  cry- 
statli^ed.  The  primitive  form  of  its  crystals  is  a  rec- 
tangular prism,  whose  bases  arc  parallelograms  with 
mogles  of  101**  32'  and  7$*^  2S'  J.  The  mosi  usual  va- 
rietyis  a  flat  rhomboidal  parallelopipedp  with  two  of  its 
opposite  edges  wanting^  and  a  small  face  in  place  of 
eacii  II .  The  faces  of  the  paralleiopiped  are  generally 
Streaked  longitudinally. 

Common  colour  clove  brown  \  it  passes  on  the  one 
hand  to  ptum  blue^  on  the  other  to  pearl  and  ash^grey^ 
aod  greyish  bUck*  External  lustre  4 ;  internal  2^  3, 
vitreous.  Fracture  fine-grained  uneven.  Fragments 
sharp-edged*  Massive  varieties  occur  in  curved  la- 
jDcUar  distinct  concretions.  Transparency  from  4  to  2* 
Raid  i  yields  to  the  file*  Frangibility  0-  Specific 
gravity  from  3*213  to  3*300  ^f,     Betore  the  blow-pipe 


•  Klapfoth,  Gehlen's  /o<rn  Second  Seriei,  I  195. 
f  Kir  wan,  i-  i;j.^Pcllcti«r,  /**r.  ^t  Pbjt.  livi-  66.— Brochant,  u 
Sj^.^Hauj ,  tii  aa.— Jj«c««iii,  I  131. 

X  Rorot  dc  Lille,  ii.  jjj.  \  Hiuy,  Mr.  A  Mf#,  No<  ainu.  364. 

H  Rome  (k  Lifie,  ii.  353.  1  Hauj. 
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B^m.  iffr(ylIifia(efedhc»BiidiBdltiM»ttar«BhA(^ 
mel.  With  borax  it  ezhibht  thf  tuAt  pbenofiMlt,  dt 
even  when  the  stone  is  simplj  heated  at  the  end  of  f 
pincer^. 

The  following  Table  exhibits  the  copttitoents  of  tbc 
diSiefefit  mioerals  arranged  utider  tile  icbqrl  fitftailjrf  ac. 
cording  to  the  most  accurate  aoaljses  bithcttcr  made: 


•  Vraiiaeliii,  7mt.  A  JlM.Na  xaiiL  i. 


V 
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Booli  1ft. 
Chap.  U. 


VIII.    Quartz  Family. 

This  family  is  more  numerous  than  any  of  the  prc« 
ceding,  as  it  contains  fourteen  specie^,  several  of  which, 
on  account  of  the  nuqierous  v<irieUes  which  thcj  prs. 
sentp  are  farther  subd  vided  into  subspecies.  The  naaei 
of  the  species  are  quartz,  ironJUnt,  bom  Jtotie,Jlimiskiif 
^ntf  cbalc  dony,  hyalite^  opal,  mefulite^  jasper ^  iiUotrefi, 
ebryioprqse^ plasma,  cat^s  eye.    VL'Atkj  of  t«icni  are  ot  in. 
portance ;  yet  as  thejr  neVer  occur  crystaUized,  tbenM^ 
thod  of  discriminating  minerals  adopted  by  Hauy  faih 
when  applied  to  them. 

Sp.  \.      ^art%*. 

i 

This  is  one  of  the  most  abundant  of  all  the  misnil 
species,  occurring  in  great  quantities  in  almosi  emjfr 
tuation.  It  occurs  massive,  in  rolled  pieces,  aadcr^ 
Btallized.  The  priqnitive  form  of  its  crystals,  acconk 
ing  to  Mr  Hauy,  is  a  rhomboidal  parallelepiped ;  thp 
angles  of  whose  rhombs  are  94^  and  86*' ;  so  ihst  it 
does  not  differ  much  from  a  cube  f .  The  most  comnua 
variety  is  a  dodecahedron,  composed  of  two  six-iidd 
pyrsmids,  applied  base  to  base,  whose  sides  are  isoiceki 
triangles,  having  the  angle  at  the  vertex  40^,  and  eic|k 
of  the  angles  at  the  base  70^  ;  the  inclination  of  a  sidfc 
of  one  pyraniid  to  the  contiguous  side  of  the  other  p^^ 
ramid  is  104''.  There  is  often  a  six-sided  prism  inter* 
posed  between  the  two  pyramids,  the  sides  of  which  lU 


•  Kirwan,  L  241.— Hauy,  ii.  4o6.-.-Bro€bant|  1.159^— JaBMa,iilJ^ 
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Lva  eoftcspcnd  with  those  of  the  pyramids  *•  For  a 
tptlon  and  figure  of  the  other  varieties  of  quartz 
lystala,  and  for  a  demonstration  of  the  law  which  thcjr 
ivc  followed  ia  crystallixiag,  we  refer  the  reader  to 

r  di  Lulf  f  and  Mr  Hauy  X* 
Fracture  conchoidal  or  splintery.  Its  lustre  varies 
3  to  1,  and  its  transparency  from  4  to  i  ^  and  in 
cases  it  IS  opaque.  It  causes  a  double  refraction* 
iardness  from  10  to  11*  Specific  gravity  from  2*04 
2*67,  and  in  one  variety  2*601.  To  facilitate  the 
escription  of  this  complicated  species,  Werner  has  sub* 
tided  it  into  five  subspecies  ;  a  iubdivision  attended 
rith  several  advimtages. 

Suhrpeciei  1.      /imetL>yit* 

»1t  occurs  massive  and  in  rolled  pieces,  but  most  frc* 
lentJy  crystal lized.  The  crystals  arc  six-sided  pyra- 
lidi,  always  in  druses.  Colour  violet  blue  ;  passing 
the  one  hand  to  plum  bluci  clove  brown,  brownish 
;  on  the  other,  to  pearl  and  ash  grey,  greyish 
Altt^  greenish  while,  olive  green,  and,  in  sot^e  rare 
pistachio  green.  In  the  mastiive  varieties  several 
airpesr  together  ia  luipes.  External  lustre  4  » 
ittmal  from  4  to  0,  vitreous*  Fracture  perfect  con- 
sometimes  passes  into  imperfect  coochoidal 
,  and  coarse  splintery.  Fragments  sharp-edged. 
[Tie  massive  varieties  composed  of  thick  prismatic  dis- 
ict  concretions,  often  shooting  into  crystals  at  their 
tremitics^.    Transparency  from  4  to  2.    Brittle.  Fran* 


asi 


'  Cfti^i/di"*^ ■  it.  71.  f  IbiJ. 

Mfm.  f«r.  178^,  p.  78  ;  md  Mmrr^h^t^  il  407. 
Jmr^  dt  Pbjj,  ilii  470. 
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BookiH.    gibililyi.    Specific  gravity  2-7;)0.    Found  i  a  veins  and 
\      w     ■    in  the  hollow  cavities  of  aerates. 

AVerner  distinguishes  the  commom  amethyst,  aVoTC 
described^  from  a  variety  which*  from  its  fracturei  be 
calls  thick  Jihrous  amethyst.  This  la^t  oocurs  only  mas. 
sive  and  in  rolled  pieces.  Internal  lustre  8  to  3,  ?i- 
trcoUa.  Principal  fracture  thick,  fibrous  j  cross  fracture 
imperfect  conchoidal.  Transparency  usually  2. 
Subspecies  2.    Rock  Crystal. 

It  occurs  in  rolled  pieces,  and  very  often  crystallized 
in  all  the  variety  of  form  belonging  to  the  species  ia 
general.  Most  common  colours  white  and  brom. 
From  snow  white  passes  into  grejfish,  yellowish,  aad 
reddish  white  ;  from  greyish  white  to  pearl  grey  ^  firoQ 
yellowish  white  to  ochre  yellow,  wine  yellow,  yelldw. 
ish  brown,  clove  brown,  brownish  black;  from  yellow, 
ish  brown  to  orange  yelldw  and  hyacinth  red* 

External  lustre  of  the  cryNfals  4,  of  the  roUod  pMcn 
2  ;  internal  lustre  4,  vitreous.  Fraciture  perfect  oo^ 
choidal,  sometimes  flat  conchoidal  \  and  ia  aome  va* 
rities  a  concealed  foliated  frscture  may  be  recogniaed. 
Frugments  very  sharp. edged.  Occurs  rcry  raiely  ia 
granular  and  prismatic  distinct  concretions.  Ttansfia* 
rency  4.  Frangibility  4.  Speciic  gravity  from  fl-iO^ 
to  2*888. 

Subspecies  3.     Miii  ^mrtvt. 

Occur)  only  massive.  Colour  sometioEiea  imlk  while | 
more  commonly  rose  red*  The  rose  ted  sofllMti»cs 
passes  into  crimson  red,  reddish  white,  pearl  grey,  and 
n.iliv  white.  Internal  lustre  3»  4,  vitreous,  inclining 
to  rcbinous.  Fracture  perfect  conchoidal.  Fragments 
:harp-cdgcd.     Sometimes  appears  composed  of  thicl(. 
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bunellar  distinct  concretions*     Transparency  3.     Coo* 
lUtutoft  beds  in  primitive  cooantains. 

Sufhpea'a  4.  Commcrt  Quartz. 
Occurs  massive,  in  graih&»  and  rolled  pieces;  in  va« 
^0tt9  particular  shapes^  and  crystallized.  Colour  vari* 
om  abades  of  white,  grey,  trown,  yellow^  g^^  ^^ 
red.  External  luvtrc  of  the  crystals  4,  3 ;  of  the  rolled 
pieces  1,  0 ;  internal  lusire  3,  vitreous,  Fracturt^ 
coarse  and  fine  splintery,  and  imperfect  conchoidaL 
Some  apccimens  shtiw  a  parallel  fibrous  fracture.  Frag- 
i^VG9(«  pretty  siinrp-edgei!*  Sometimes  in  prismatic^ 
siod  also  in  granular  dtailnct  concretions.  Transpa- 
rcticy  2,  rarely  $«  Frangibiliiy  3.  Specific  gravity 
3^45404  to  2*6a4fi. 

Sa^fpe^i^^  5.  Praie. 
Usually  luawve  ;  somctiaies  cryslsdlize<!.  Colour 
leek  gfe^n*  Xasire  3«  2  i  between  resinous  and  ritre- 
ous.  Fracture  coarse  splintery.  Fragments  sharp- ed^ed. 
When  I9iissive  !t  i§  composed  of  cuneif^Drmi  thick^  pris* 
matic,  distinct  concretions.  Surface  of  the  concretions 
rough  and  transversely  streaked.  Transparency  i?. 
Hard.     Frangibiliiy  2. 

This  subspecies  is  considered  as  constsliog  of  an  in* 
timate  «iixluj?e  of  quartz  snd  actinollte, 

Sf.  2*     Iran-F/sni  •, 

This  miReral  occurs  in  veins  of  iron-stone,  and  is 
ipposed  to  be  ao  iniivaie  naixtixro  of  quartz  and  iron- 
cWe. 

Commonly  massive  ;  sometimes  crystallized  in  small 
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^^'^{^  six*stded  prismny  acnminated  at  each  extremity  hf 
*'  three  planes.  •  Colour  jellowish  brown  ;  aomctimef 
between  blood  red  and  brownish  red#  External  lustre 
4»  internal  3  ;  nearly  Titreons.  Ffacfare  imperfect 
small  conchoidal.  Fragments  not  very  sharp-*dged# 
In  small  grained  distinct  concretions.  Transparency 
0,1.     Hard.     Frangibility  2. 

This  mineral  occurs  sometimes  orassive,  sometime! 
in  round  balls.  Fracture  splintery  and  ccmchotdal. 
Lustre  0,  l.  Transparency  ].  to  2f.  Hvdness  7  to  9. 
Specific  gravity  2*699  to  2*708.    Colotrriisually  grey. 

Werner  subdivides  this  species  into  three  subspedet, 
distinguished  chiefly  by  the  fracture  and  texture. 
Subspecies  1.     Splintery  Hwrmttmi* 

This  mineral  is  found  in  veins  in  limestone,  and  forms 
also  the  basis  of  a  rock  called  hwnstwe porphyry. 

Colour  bluish  grey,  greenish  grey,  yellowish  grey, 
smoke  and  pearl  grey  ;  flesh  red,  brownish  red  ;  monn* 
tain  and  olive  green.  Fracture  fine  splintery.  Infef* 
nnl  lustre  0,  sometimes  1.  Fragments  sharp.edged. 
Sometimes,  though  seldom,  it  occurs  in  distinct  concre* 
tions,  which  are  lameller  and  concentric.  Transpau 
rency  1.  Hard.  Brittle.  Frangibility  ].  Infusible 
without  addition  before  the  blow- pipe. 

Subspecies  2*     Conchoidal  Homsf one. 

This  mineral  occurs  in  beds,  and  also  in  veins. 
Colour  greyish  and  yellowish  white,  greenish  and  peail 


•  Kirwan*!  Mim.  I.  .i^oj — Baunicr,  Jttr*  ^i  Phyt,  ii.  154.  ind  Moe« 
ret,  Ibid.  -^3.— Wiej^lcb,  (Jrtll's  Annch,  1788,  p.  46.  lod  lJ5,^/«vr.ifr 
?hy*,  Uii.  139.— Brochant,  i.  aj.^ Jameson,  i.  261. 
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gtty,  Besh  and  cherry  red,  mountain  green*  Soine^ 
times  spotted  and  striped.  Alwayi  massive*  Internal 
tusrre  scarcely  2.  Ftacture  perfect  conchoidal.  Frag- 
mmts  prtftty  sharp»edgtd.  Ntver  in  distinct  concrc* 
lions.  Transpurencj  1*  Hard.  Frangibility  4* 
Suhspicits  3-  Woodstone^ 
This  mineral  is  found  insulated  in  sandy  loam  ;  it 
appears  to  be  wood  converted  into  hornstone  by  perre- 
faciion.  Colour  ash  grey,  yellowish  grey,  pearl  grey  | 
flrsh  red,  blood  red^  browiash  red «  ochre  yellow* 
Usually  several  colours  appear  logether.  Shape  con- 
formable to  its  formir  woody  slate.  JExternal  surface 
^Ottgh*  Internal  lustre  0,  1.  Cross  fracture  imperfect 
conchoid.*] ;  longiiudinal  splintery  and  6brous.  Frag* 
ments  not  sharp-edgcd.  Transparency  J*  Rather 
soflcr  than  splintery  hornstone.     Frangibility  4. 


Qiienr* 

Family. 


5^.  4.  Flint^Slati^. 

This  mineral  occurs  in  beds  and  amorphous  masses^ 
cTiiefly  in  the  rransttion  mountains.  Colour  varioua 
shades  of  grey*  Structure  slaty.  Usually  opaque* 
Transparency  sometimes  I.  Hardness  9  to  10.  Brittle* 
Spec  fie  gravity  from  2'S80  to  2*415.  In  fusible /#r/r* 
,TUu  species  is  divided  into  two  subspecies* 
Subsp€ci€s  U     CpmrnQH  Flini'Siate^ 

Colour  ash  grey,  bluish  grty,  pearl  grey,  and  cherry 
red*  approaching  blood  red*  Often  spotted*  Often  tra* 
versed  by  veins  of  quartz*  Internal  lustre  scarcely  1. 
Fracture,  when  considered  with  respect  to  a  consi* 
derable  mass,  or  in  the  great  as  it  is  termed,  slaty  ;  in 
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Book  m.    tig  small,  between  splintery  and  uneven.     FrapnenU 
I,   .^i  'i   shtu'p-edged.     Sometimes  occurs  ia  LimcUar  distinct 
CQOctetioos.    Transparency  2*    Herd.    Brittle*    Fras- 
gibility  2. 

Suispecies  2«  Lydian  Siame* 
Colour  greyish  black  passing  into  velvet  black. 
Massive,  and  in  trapezoidal  rolled  pieces.  Often  trsv 
versed  by  quartz  veins.  External  sorfaoe  smooch. 
iLustre  2t  internal  lustre  1.  Fracture  even.  Frag* 
jfif  nts  sharp-edged  ;  sometimes  approach  the  cobicd 
form.     Opaque.     Hard.    Frangibility  4* 

This,  or  a  stone  similar  to  it»  was  used  bj  the  so- 
cients  as  a  touchstone.  They  drew  the  loetel  to  be  ex- 
amined  along  the  stone,  axid  judged  of  its  purity  by  die 
(;olQur  of  thd  meUlHc  streak.  On  this  aceouni  thej 
called  it  ^(r«»»r,  '^  the  trier.'*  They  called  it  also  ly 
dian  stone  ;  because,  as  Theophrastus  informs  us,  itwss 
found  most  abundantly  in  the  river  Tmblus  in  Lydia^. 

Sf.  ^.    Flint  f. 
Pyromofhui'^Piirre  i  fusil. 
This  mineral,  which  has  become  so  necessary  in  mo- 
dern war,  is  fouod  in  pieces  of  dificrent  aiaes^  aad 
usually  of  a  figufe  more  or  less  globular,  coanmonlf 
among  chalk,  and  often  arranged  in  some  kind  of  order. 
Colour  grey,  of  various  shades  ;  namely,  a»h^  yMm* 
itb  and  smoiigrey  ;  greyish  Hack;  ochre  yellow  ;  yeihw- 


f  Kirwan't  Min.  i.  301. — Brochant,  i.  063. — Hauy,  ii.  4a7.^aM- 
son»  i.  169.— DQJQmieu.  /^r.  4t  Min.  No.  iJCiiiL  693.  sod  Sslivct,  Ibid. 
713.    7*hcse  li«t  grntl^rr-^  g^'v?  ^v  acrourt  cf  tfcc  method  of  ttikicf 
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tsh  browfft  reddub  hrmvn  ;  some  limes  it  appro  ichet 
ihad  rid,  Somettitjes  striped.  Occurs  rriassjvr^  in 
grains  and  ptfttet,  and  in  various  pnrticular  shapcji.  In- 
ternal lustre  1.  Fracture  perfect  concboidal,  Frag- 
iDcnts  very  sharp-edged  ;  sometimes  tabular.  Some* 
tioacs,  though  rarel)%  it  occurs  in  lamellar  distinct  con- 
cretions. Transparency  2>  1*  Rather  harder  than 
<{oartz.  FrangibiJiry  4*  Specific  gravity  2*58  to  2*<J3. 
Inftiiible  before  the  blow-pipe. 

The  manufacture  of  gun  (lints  is  chiefly  confined  to 
£ngland  and  two  or  three  departments  in  France.  The 
operation  is  exceedingly  simple :  a  good  workman  will 
make  1000  flints  in  a  day.  The  whole  art  con^sts  in 
striking  the  stone  repeatedly  with  ft  kind  of  mallet,  and 
]>ringing  off*  at  each  stroke  a  splinter,  sharp  at  one  end 
Md  thicker  at  the  other.  These  splinters  are  afterwardf 
ibaped  at  pleasure,  by  laying  the  line  at  which  it  is 
wished  they  ahould  break,  upon  a  sharp  iron  iostru« 
inenr,  and  then  giving  it  repeatedly  small  blows  with  ft 
tnalJet.  During  the  whole  operation  the  workman 
liolds  the  stone  in  his  left  hand^  or  merely  supports  it 
^n  his  knee  ^« 

Sp*  6*      Chalcedony  \* 

This  mineral  is  found  abundantly  in  many  countries, 
particularly  in  Iceland  and  the  Faro  islands.  It  is  most 
commonly  amorphous^  stalactical,  or  in  rounded  ma5-< 
esi  but  it  occurs  also  in  pseudo  crystals*  Surface 
ough.  Fracture  even  or  conchoidal*  Lustre  external 
t  ;   internal  2,  0.      Somewhat  transparent.     Hardness 


^  Jmr*  it  Mi».  No.  xxxiVu  701. 
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BookllL     10  to  11.     Specific  gravity  2'615  to  2'100.     ^tittk. 
-    Infusible  before  the  blow-pipe  without  addition. 

Werner  subdivides  this  species  into  two  subspecies  ^ 
oameljy  coffimon  calcedony  and  carmlian,  distingoished 
chiefly  by  the  fracture  and  lustre. 

Suhspecits  !•  Common  Calcedony* 
Colour  grey^  of  various  kinds ;  namely,  ^moiefiimsb^ 
piarl,  greenish,  and  yeliowiib  grey:  the  bluish  grej 
passes  into  milk  white  and  smalt  blue  :  the  grecDidi 
grey  into  a  colour  between  grass  and  apple  green :  the 
yellowish  grey  into  honey,  wax,  and  ochre  yellow;  yeU  | 
lowish  brown  and  blackish  brown  :  this  last,  when  the 
mineral  is  held  between  the  eye  and  the  light, 'appears 
blood  red.  Internal  lustre  nearly  0.  Fracture  efc% 
sometimes  passing  into  fine  splintery;  also  into  uncvc% 
approaching  the  flat  conchoidal.  Fragments  sharp- 
edged.  Generally  in  reniform,  lamellar,  concentric^ 
distinct  concretions.  Transparency  9.  Rather  harder 
than  flint.     Brittle.     Frangibility  2. 

Subspecies  2.  Carnelian. 
Colour  blood  red  ;  passes  into  flesh  red,  reddish 
white,  milk  white,  yellow,  reddish  brown.  £zleraal 
surface  rough  and  uneven.  Lustre  2.  Fracture  per- 
fect conchoidal.  Fragments  very  sharp-edged.  Very 
seldom  in  distinct  concretions.     Transparency  3. 

Sp.  7.  Hyalite  •. 

This  mineral  occurs  in  wacke  in  reniform  masses 
At  first  sight  it  strikes  the  eye  as  not  unlike  gum.  The 
masses  are  usually  very  much  cracked.     Colour  yeW 
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lowtsh  or  greyish  white*  Lustre  3,  vitrcouf.  Frac- 
ture small  flat  conchoidal.  Fragoienlt  sharp* edged* 
Transparency  2,  passing  to  3,  Hardness  9.  Brittle. 
Frangibility  5.  Specific  gravity  2*1X0  *-  Infusible  at 
ISO**  Wcdgcwood,  but  yields  to  soda  *. 

5^/8.     Opaif. 

This  mineral  is  found  in  many  parts  of  Europe,  cspe- 
ctmlly  in  Hungary,  in  the  Crapacks  near  the  village  of 
Ciennizka.  When  first  dug  out  of  the  earth  it  is  soft, 
bot  tt  hardeus  and  diminishes  in  bulk  by  exposure  to 
the  air. 

The  opal  is  always  amorphous.  Its  fracture  is  con* 
^■^idal.  Commonly  somewhat  transparent.  Hardness 
HPmsOCoo.  Specificgravity  from  1*958  to  2*540.  The 
^  lowoesa  of  its  tpecific  gravity,  in  some  cases,  is  to  be 
ascribed  to  accidental  cavities  which  the  stone  contains. 
Tbeiie  are  sometimes  filled  with  drops  of  water.  Some 
ipedmensof  opal  have  the  property  of  emitting  various 
coloured  rays,  with  a  particular  effulgency,  when  placed 
between  the  eye  and  the  light*  The  opals  which  possess 
this  property  are  distinguished  by  lapidaries  by  the 
epithet  arieniaJf  and  often  by  mineralogists  by  the  epi* 
tbet  mobtlis^  This  property  rendered  the  stone  much 
esteemed  by  the  ancients.  Opals  acquire  it  by  exposure 
to  the  sun,  Werner  has  divided  this  species  into  four 
subspecies. 

Suhsptcies  1.     Precious  Opal* 
This  mineral  is  found  io  Upper  Hungary,  and  said 
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Book  I3T.     to  be  disseminated  in  clay  porphyry.     Occurs  masuve, 
■  in  plates,  and  small  veins.    Colours  milk  and  yellowisk 

white  ;  but  between  the  eye  and  the  light  they  pass 
into  pale  rose  red  and  wine  yellow.  ExliibiU  a  beau, 
tiful  play  of  colours.  Internal  lustre  4,  vitreous-  Frac- 
ture perfect  conchoidal.  Fragments  sharp-edged.  Trans- 
parency 2y  sometimes  3.  Semihard.  Brittle.  Fran- 
gibility  6.  Specific  gravity  2' 114.  Does  not  melt 
before  the  blow-pipe.  When  heated  it  becomes  opaqae^ 
and  sometimes  is  decomposed  by  tlie  action  of  the  atmo- 
sphere. Hence  it  seems  to  follow,  that  water  enters 
essentially  into  its  composition. 

Subspecies  2.     Common  OpaL 

This  mineral  occurs  in  many  parts  of  the  world, 
especially  in  Iceland,  the  Faro  Isles,  Ireland,  and  Ger- 
many. Sometimes  it  is  in  veins,  sometimes  dissemi- 
nated, and  most  frequently  in  porphyry. 

Principal  colour  white  of  various  shades;  namely, 
greyish^  greenish^  yellowish y  and  milk  white:  from  greciw 
ish  while  it  passes  into  apple  green  ;  from  yellowish 
into  honey  and  wax  yellow :  sometimes  intermediate 
between  flesh  and  tile  red.  The  white  varieties,  when 
held  between  the  eye  and  the  light,  appear  wine  yellow. 
Internal  lustre  4  ;  sometimes  3,  vitreous.  Fracture  per- 
fect conchoidal.  Fragments  sharp-edged.  Transpa- 
rency 3.  Semiliard.  Brittle.  Frangibility  5.  Spe- 
cific gravity  from  1'958  to  2*144. 

Specimens  of  tins  variety  sometimes  occur  with  rifts: 
these  readily  imbibe  water,  and  therefore  adhere  to  the 
tongue.  Some  opals  gradually  become  opaque,  but  re- 
cover their  transparency  when  soaked  in  water  by  im- 
bibing that  fluid.  They  are  then  called  hydropbanei^  or 
oculi  mundi. 


Subspecies  3.     Semi^Opai. 

This  mineral,  which  has  been  arranged  with  pitcH- 
stone,  13  very  common  in  different  parts  of  the  world, 
occurring  in  angular  pieces  and  veins  in  porphyry  and 
amygdaloid. 

Common  colours  white  and  grey;  namely^  yellowish, 
greeniiib^  and  milk  white  \  yellowish,  greeniith,  and 
ash  grey>  and  greyish  black  ;  Icck,  apple,  and  olive 
green ;  honey  and  wax  yellow,  yellowish  brown  \ 
chesnui  and  hair  brown,  bometimcs  several  colours 
mppear  together  in  spots  and  clouds.  Colours  usually 
muddy.  Occurs  massive,  and  in  various  particular 
shapes.  Lustre  2.  Fracture  imperfect  large  flat  con*, 
cboidal.  Fragments  sharp-edged.  Harder  than  com- 
mon opal.  Very  brittle.  Frangibilhy  4.  Specific 
gravity  Z*5A0  *.  Infusible  before  tlie  blow-pipe. 
Subspecies  4.      Wood  Opal. 

This  mineral,  which  occurs  near  Schemnitz,  and  a 
Tclkobanya  in  Hungary,  coiisists  of  wood  penetratca 
with  opal.  It  occurs  in  pieces  which  have  the  shape  of 
branches  and  other  parts  of  trees-  Colour  greyish  aud 
yelUiwish  white ;  sometimes  ochre  yellow  j  from  grey- 
ish white  it  passes  into  ash  grey  and  greyish  black. 
Internal  lustre  2*  Fracture  more  or  less  perfect  cbn- 
chojdal,  showmg  the  ligneous  texture.  Fragments  sharp- 
edged.  Transparency  2.  Harder  than  opal,  Frangi- 
hility  4*     Specific  gravity  2'6U0. 

Sp.  9.     Mmilitei. 
This  mloeraly  which  occurs  in  adhesive  slate  at  Menil 


Qtiirtz 
Family. 


*  KUpriitik. 


t  ^prmh'i  Btitrag*^  U.  i^i^imewo,  \u  si^- 


tfea  STOVES. 

B«iok  IIT.     Montagne  near  Paris,  was  first  made  known  to  mineri- 
^    '*    legists  in  1700.     It  is  found  in  tuberose  mastes,  with 

a  smooth  ribbed  surface,  sometimes  covered  with  a 
Vfhitt  crust.  Colour  chesnut  brown  ;  external! j  marked 
with  stripes  of  reddish  brown  and  pearl  grey  altemt^ 
ting  with  each  other.  Internal  lustre  2*  Cross  frac- 
ture perfect  flat  conchoidal ;  longitudinal  coarse  spliii- 
terj.  Fragments  sharp-edged.  In  flattened  longish 
granular  distinct  concretions  ;  the  surface  of  which  has 
no  lustre,  and  is  sometimes  covered  with  a  white  cnut 
Transparency  1,  2.  Scratches  glass.  Brittle.  Fran: 
gibilitjr  4«     Specific  gravity  2*185  *• 

Sj>.  10.     Jasper  fm 

This  mineral  is  an  ingredient  in  the  compositioa  of 
many  mountains.  It  occurs  usually  in  large  amorphMs 
masses,  constituting  beds  and  veins,  sometimes  in  roood* 
ed  or  angular  pieces.  Either  opaque,  or  its  traospi- 
rencj  is  1.  Hardness  Q  to  lo.  Specific  gravity  frotf 
2-3  to  2*7«  Its  colours  are  various.  When  heated  it 
does  not  decrepitate. 

Werner  subdivides  this  species  into  six  subspedci; 
some  of  which  are  again  subdivided  into  different  kind% 
for  the  conveniency  of  description. 

Subspecies  1.     Egyptian  Jaspir. 

This  mineral  has  been  hitherto  found  only  in  Emk%^-^ 
and  in  one  or  two  places  in  Germany.      It  occnn  i^^ 
rolled  pieces,  mostly  spherical,  with  a  rough  snr&e^^  , 
Werner,  from  its  colour,  di^^ides  it  into  two  kinds. 


•  KUproth. 

f  Kirwui*s  Mim.  i.  339 — Borral,  Hist.  Wmtmr,  4e  C$ru, — ^Heakcl,^ 
AcU.  Kat.  CwrUi.  v.  3J9.~Brochant,  i.  3ja.— JamciOB,  L  %w^ 
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'tm\Bf&wn  Egyptian  Tiur^^*— Found  in  Egypt  in  a 
breccia^  ^f  «?hich  the  greater  part  of  that  country  is 
composed.  Colour  chesnul  brown  j  sometimes  yellow- 
isli  brown,  cream  yellow^  and  yellowish  grey.  The 
orotrtl  part  of  this  mineral  has  a  yellowish  grey  colour ; 
iHe  exterior  part  a  yellowish  brown  and  cbeiinut  yellow. 
The  brown  colour  forms  concentric  delineactons,  be- 
tween which  the  mineral  is  spotted  with  black.  Exter* 
tii]  lustre  2^  1 ;  internal  2*  Fracture  perfect  conchoid 
daJ.  Fragments  sharp^eriged.  Transparency  I.  Hard, 
Frangibility  4-  Specific  gravity  from  2*564  to  2'aOD. 
Sometimes  passes  into  flint* 

II,  Red  Egyptian  /latj^r.— Found  in  a  lied  of  red 
clay  iron« stone  in  the  electorate  of  Baden.  Colour  be- 
tween blood  and  scarlet  red  ;  on  the  surface  often  ochre 
yellow, also  smoke  and  bluish  grey;  colours  form  ring* 
iliaped  delineations.  Internal  lustre  2  to  0.  Fractur* 
large  conchoidal.  Fragments  sharp^dged.  Usually 
l^pl^e*     Hard. 

Subffieciei  ^,     Striped  Jaspir. 

This  mineral  occurs  in  beds,  and  even  constitutes  hilki 

Always  massive.    Colours  pearl,  greenish,  and  ycllow- 

Uh    grey  ^  cream   and  straw  yellow ;   mountain  and 

/etf  Jc  grcen^  and  greenish  grey  ;  cherry,  brownish,  and 

flc^li    red  ;  plum  blue*     Several  colours  always  appear 

Ic^^cther  in  stripes.      Hence  the  name  of  the  minerah 

■a  (e^^nal  lustre  0.     Fracture  pretty  perfect  conchoidaI| 

»p»^x- caching  to  fine  earthy.     Fragments  pretty  sharp- 

t^«d.      Transparency  1,  0»     Pretty  hard.      Brittle. 

agibility  3. 

SuhspffUt  3.     Pf>r€€l4xmJ€ap€r* 
MS\k\%  mineral  is  supposed   to  have   been  originally  % 
^^^  day,  hardened 
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Book  III.  coal  mines.  It  occurs  in  whole  beds  in  situatioos  It. 
vourable  to  this  opinion.  Usually  massive  and  in  ta. 
gular  pieces ;  frequently  rent.  Colours  fSmoke,  bluish, 
yellowish,  and  pearl  grey ;  lilac  and  lavender  blue ; 
brick  red  ;  straw  and  ochre  yellow  ;  greyish  black  and 
ash  grey.  Generally  of  only  one  colour,  but  oftca 
marked  with  dots  and  clouds.  Often  presents  brici  red 
vegetable  impressions,  especially  the  blue  varieties. 
Internal  lustre  J,  2  ;  sometimes  3.  Fracture  imper- 
feet  large  flat  conchoidal.  Fragments  sharp-edged. 
Opaque.     Hard.     Very  brittle. 

Subspecies  4.     Common  Jasper. 

This  mineral,  which  is  very  common,  occurs  in  veiai 
in  primitive  mountains.  Most  commonly  massive. 
Colours  yellowish,  liver,  and  blackish  brown  ;  ochre 
yellow  )  blood  red  ;  rarely  scarlet  and  cochineal  red; 
brownish  red ;  brownish  black.  Sometimes  sevcrsl 
colours  appear  together  in  the  same  mineral.  Intensl 
lustre  3,  2  ;  between  vitreous  and  resinous.  Fracture 
more  or  less  perfect  conchoidal,  passing  into  even  sod 
earthy.  Fragments  more  or  less  sharp  edged.  Usually 
opaque.  Transparency  sometimes  1.  Pretty  hard. 
Brittle.     Frangibility  4. 

Werner  gives  a  variety  of  this  subspecies  the  naoift 
of  earthy  cominon  jasper,  from  its  fracture,  which  is  al- 
ways earthy.     It  is  softer  than  the  preceding  ;  opaque; 
and  its  colour  is  blood  red  or  brownish  red. 
Subspecies  5.     Jasper  jifgau. 

This  mineral  occurs  in  agate  balls  in  amygdaloid. 
Always  massive.  Colours  yellowish  white,  cream  and 
straw  yellow,  reddish  white,  and  flesh  red.  The  co- 
lours are  distributed  in  rings  and  stripes.  Lustre  0« 
]Fracture  small  4at  conchoidal.     Fragment^  ac^rgdiy 


JJlSriR — a£UOTJtOF£--CllRTSOFRAS£, 

sbarp^edgcd*     Transparency  tuufilly  0  ;  sometimes  1* 
pcetty  hard*     Often  adheres  to  the  tongue. 
Subjpecus  6.     Opal  Jasper* 
ThU  mineral  occurs  in  nesU  in  porjjhyry^  in  Uungftry 
rnfui  Siberia.     Massive.    Colours  scarletp  brick»  blood, 
•od  browni&h  red  ;  blackiih  brown,  approaching  some-. 
times  to  liver  brown  and  ochre  yellow.    Colours  somc- 
timej»  in  spots  and  veins*      Internal  lustre  3,  approach- 
ing 4  i  between  vitreous  and  resinous*     Fracture  com- 
plete flattish  coQchoidal.    Fragments  very  sharp-edged^ 
Usually  opaque.     Transparency  sometimes  1.    Brittle. 
Frangibility  4*     This  subspecies  connects  jasper  with 
opal* 

Sp,  II.     Heliotrope  *. 

This  mineral,  which  is  found  in  various  parts  of  A- 
mia  and  Europe,  nearly  in  the  same  situation  as  chaU 
cedonyy  is  supposed  by  some  to  be  an  intimate  com- 
liijiaiion  of  cbalci^rdony  with  green  eartb. 

Colour  between  grass  and  leek  green^  often  stained  or 
Striped  olive,  yellow,  red*  Found  massive,  and  in  an. 
'gular  pieces.  Lustre  internal  2,  resinous.  Fracture 
imperfect  large  concboidal.  Transparency  1,  some* 
times  2.  Hardness  s^.  Specific  gravity  2*033-  Fraa- 
fibility  4«     Infusible  before  the  blow*pipe. 

Sp.  12»     Cbrysoprrast\. 

Tbis  mineral,  which  has  been   hitherto  found  only 
Kosemiitx  in  Silesia,  is  always  amorphous.    Frac« 


•  Kirwui«  L  ^14.— BMthmt,  L  S7<l,^Jan3CiC«i»  1 1 87. 
f  Itjrii  in'i  Min^  L— Lchmano,  Mfm,  Btrlin^  1755,  p.  oo*.— Klaproth, 
idfr^^f, «.  W7^BioUiant,  I  a^—HAuy,  ii.  416.— JimcMQ,  i.  i^f , 
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Book  in.     ture  even,  sometimes  inclining  to  the  splinterj*  Scarce* 

^     '   \y  any  lustre.    Transparency  2  to  3.     Scarcely  so  bavl 

as  chalcedony.     Specific  gravity  2*479.     Colour  appk 

green.     Frangtbility  3.    In  a  heat  of  130^  Wedgewood 

it  whitens  and  becomes  opaque. 

4^/.  13.     Plasma*. 

Hitherto  this  mineral  has  been  found  only  among  tKs 
ruins  of  Rome.  Colour  between  grass  and  leek  greet; 
often  marked  with  yellow  dots  and  white  spots.  Fooni 
in  angular  fragments ;  often  encrusted  with  an  etftfaj 
matter.  Internal  lustre  2.  Fracture  perfect  flat  eon* 
choidal.     Fragments  -very  sharp-edged.    TransparcBCj 

2,  sometimes  3.  Hardness  equal  to  that  of  chalcedonj. 
Brittle.  Frangibility  2.  Rather  lighter  thau  helio^ 
trope. 

Sp.  U.     Cat's  Eyii. 

This  mineral  comes  from  Ceylon,  and  is  seldom  sea 
by  European  mineralogists  till  it  has  been  polished 
by  the  lapidary.  Mr  Rlaproth  has  described  a  sped* 
men  which  he  received  in  its  natnral  state  from  Mt 
Greville  of  London.  Its  figure  was  nearly  square,  with 
sharp  edges,  a  rough  surface,  and  a  good  deal  of  bril- 
liancy. 

Colours  yellowish,  greenish,  and  ash  grey  :  Isabelli 
yellow  ;  ytllowish,  reddish,  and  hair  brown  ;  moun- 
tain and  olive  green  ;  greyish  black.     Internal  lustre 

3,  between  resinous  and  vitreous.     Fracture  amall  iia« 


•  Brochaut,  i.  a;?.— Jamcton,  i.  1S9. 

t  Kirwan, i.  301^— BrochaDt,  I  igi     JimtW  liaftpfc 
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lerfeci  eonchoidal.      Fragments  more  or  lew  ahtrp-      Quaoz 
ed*     Transparency  2^  sometimes  3  and  I,     Some-    *      ^     _f 
presents  the  appearance  of  slender  white  fibres 
opaque,   which   gives  it  the  appearance  called 
hat^yant  by  jewellers.     Hard.    Frangibiliijr  4.     Spc- 
ific  gravity  from  2'G25  to  2*660. 

Sbvekai^  of  the  minerals  classed  wrx^tx  the  quartL  Cociitiiu* 
CDiIy  owe  their  peculiar  proper iieS|  seemingly^  rather 
I  the  intimate  mixture  of  foreign  bodies  with  the  si. 
ca,  of  which  they  are  principally  composed,  than  to 
ifiy  cbetuical  combination.  The  following  Table  ex« 
bibits  the  analyses  hitherto  made  to  ascertain  the  con- 
ttilutnts  of  the  different  species : 
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•  RotCt  f  Bergmin.  t  Klaprotli,  Bfttr^^,  I  ^€, 
^  Vauquelio,  /M#r,  J«  Min,  No.  ixziiL  70}.  g  Bergman. 

^  Grreo  chalcedony  from  Mount  OTym fmi,  Kla|irOCliv  Beifr^^i  m  3lib 

•  •  Link,  Crtll**  /intrntj,  S79©,  iu  131. 

ft  Bucholz,  Oehlm^i  Jew.    Second  ScHe«»  1 101* 
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IX-    Pitch-stone  FAMrLY. 

This  fimilj  comprehends  under  it  four  diflTereDt tpe> 
eies  I  iiamelj  uhsidian^  pitck-stmi,  pthrhionef  and  pwm 
mkt, 

Sp,  1.     Obsidian  {§. 

This  mineral  occurs  in  ne&is  in  the  pearl  ttoiie  d 
Hungaiy.  It  is  common  in  Ictlatid,  Siberia,  the  Le« 
vant  islands,  aid  in  South  America.  Found  in  angalar 
pieces  and  roundish  grains.  Principal  colour  velvet 
black ;  occurs  also  greyish,  brownish,  and  greenish 
black  ;  ash  and  smoke  grey  ;  hair  and  clove  brown* 
Often  striped  and  spotted.    Fracture  perfect  conchoidal. 


•  Klaproth.  BfHrage,  ii.  153.  f  Ibid.  p.  ij{8.  |  Ibid.  p.  lil. 

{  1  he  specimen  analysed  was  a  erccn  coloured  opal  brought  by  Hom- 
boldt  ironi  Mexico,  and  discioguished  by  t^ic  name  of  teutr^-o^U,  KU- 
proth,  rie.truge,  iv.  156. 

(1  Klaproth,  Jieiirage,  ii.  164.  ^  Ibid.  p.  169.  **  Roie. 

f    Klaprorh,  lieitr'gc^  ii.  133.  \\  Ibiti.  1.  94,  and  96. 

($  Kirwoo,  i.  all.— Brocbantyi.  a8».— Hauy,  iv.  4y4^— Jai 
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Its  tDtem&I  lustre  4,   3,  vitreous-     Fragments  thtrp- 
iged*     Transparency   1,  2>     Hardness   10.     Frangi- 
^ility  4,     Specific  gravity  2-348  to  2"43i2  *•    Melts  in- 
an  opaque  grey  mass. 

5^*  2,     Pitch' Stomf* 

\n%  stone^  which  occurs  in  different  parts  of  Gcr- 
Diiiy^  France,  and  other  counrries,  has  obtained  its 
[name  from  some  resemblance  which  it  has  been  siippo- 
,  to  have  to  pitch.     It  occurs  in  beds  in  porphyry; 
in  beds  and  veins  in  the  newest  floetr  trap.     Mas- 
Fisve^     Colours  black,  green,  brown,  red,  grey,  of  va- 
trious   shades.     Fracture   imperfect  flat  lai-ge  conchol* 
[4tl ;  sometimes  approaches  the  splintery,     Lu&ire  from 
between  vitteous   and  resinous.     Transparency 
*^2tOl.     Hardness  8  to   10.     Brittle.     Frangibility  5; 
I  it  often  yields  even  to  the  nail  of  the  fii>ger.     Specific 
gravity  2*314 1  to  VG45  §.    Fusible.     A   21*^  Wedge- 
I  wood  swells  a  little  ;  softened  at  51".     The  green  va- 
riety from  Arran  becomes  perfectly  white  and  porous 
alio*' II . 

Sp.  3.     PiarUStone%, 

This  mineral,  which  occurs  in  Tokay  in  Hungary, 
iti  Kamschaika,  and  near  Sandy  Brae  in  Ireland,  was 
fir%t  made  knows  to  mineralogists  under  the  name  of 
votcanic  ztalite*  Werner,  when  he  introduced  il  into 
the  system,  gave  it  the  name  of  fieorUtiam.     It  is  found 


•  HttinboWe,  Gchl€n*s  Jouf,  v.  nt. 
f6ei  X  Bumcnbich,  j  KJapr-.th. 
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Book  lU.  IB  lieds  10  porphyry  usually  veticolsr,  «nd  the  Tesickl 
^'i  .'-  arc  round.  Usual  colour  grey ;  Bomciimes  black  aad 
red«  The  yarieties  of  grey  are,  smoke,  bluish,  ash,  ycU 
lowish,  and  pearl  grey  ;  from  ash  grey  it  passea  into 
greyish  black ;  from  pearl  grey  into  flesh  and  brick 
red,  and  reddish  brown.  Lustre  5;  pearly.  Fractoic 
scarcely  discernible ;  appears  to  be  small  imperfect  coo. 
choidal.  Fragments  blunt-edged.  Occurs  in  Urgt, 
aagular^grained  distinct  concretions  i  these  are  compo- 
sed of  small  round*graioed  concretions;  and  these  i^aia 
of  very  thin  lamellar  distinct  concretions.  TraBsparea* 
cyl.  Not  brittle.  Frangibility  6.  Soft.  Spedfie 
gravity  2*340  *. 

Sp.  4.     Pumice  f. 

This  mineral  occurs  in  great  abundance  in  the  Lipari 
Islands ;  it  occurs  also  on  the  banks  of  the  Rhine  and 
in  Hungary.  Usually  in  vesicular  masses.  Colonn 
light  yellowish  grey  and  smoke  grey ;  aometimes  ash 
grey.  Lustre  in  the  principal  fracture  2,  s,  pearly;  in 
the  cross  2,  vitreous.  Principal  fracture  parallel  carved 
fibrous ;  cross  fracture  uneven,  and  imperfect  conchoi- 
dal.  Fragments  blunt-edged  and  splintery.  Transpiu 
rencyl.  Soft.  Very  brittle.  Frangibility  4.  Swims 
in  water. 

The  following  Table  exhibits  the  constituents  of  the 
preceding  minerals,  according  to  the  most  accurate  aaa* 
iyses  hitherto  made  : 


*  KUproth.  f  Jamctoo,  I  %j%. 
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From  these  analyses,  it  appears  that  all  the  species 

I  are  composed  vcrj  ncarlj  of  the  same  ingredients ; 
namely »  about  &ix  parts  of  silica^  one  oi  alumina,  and 
a  portion  of  fixed  alkali. 


X*    Zeolite  Family, 


Tmis  family  contains  twelve  species ;  namely,  wa- 
'VsUiiit  prebmti,  med/i-itom,  zeoHUp  ana/time^  Haurolite, 
Imumti ,  difyf€^  natr^tiitt  a%uri$i^  iatmliti,  ndtfite. 

HydrargiUite  of  Davy. 
This  mineral  was  found  Jong  ago  by  Dr  WavcU,  in 
m  qnarry  near  Barnstaple  in  Devonshire.     Dr  fiabing- 
ton  cxamiiied  it  \  and  concluding^  from  its  physical  cha^ 


^  Dcicoittv  Gdhlen't  J^ttr.  v.  la^  f  Drippier.  Ibtd 

I  Vau(|oelin,  Ibid.  p.  130.  \  Klaproth,  Bettrage^  lii.  %$f, 

I  Ibtd  p.  J3X.  1  Viu^udJa»  Gcklea*!  /M»r.  %  sja 

■  *  KJaproth,  Sfiir^X^tUL  16$* 
<f  t  Pavy,  Nicholion'i  /ft»r.  ai.  IJ3,— Grcggr,  lbid»  iiai«  447* 
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I  ^?^  ^  racters,  that  it  differed  from  all  minerals  prerioasly  de- 
scribedy  gave  it  the  name  of  wavellite,  from  the  diioo- 
verer.  Mr  Davj  and  Mr  Grcgor  lately  subjected  it 
to  a  chemical  analysis. 

Of  this  mineral  there  are  two  subspecies^  which  have 
been  distinguished  by  Mr  Grcgor,  who  had  an  oppor- 
tunity  of  examining  various  specimens  of  the  mineral 
from  the  mine  called  Stenna  Gwyn  in  the  parish  of  St 
Stephen's,  Cornwall. 

Svbspicics  1.     Soft  Wave/lite. 

It  consists  of  an  assemblage  of  minute  crystals  at- 
tached in  tufts  to  quartz,  and  radiating  from   the  poiat 
of  adherence.     Sometimes  they  adhere  pertinaciously; 
at  others  they  are  easily  separated.     Size  of  the  cry^ 
tals  various  ;  sometimes  they  have  the  appearance  of  a 
fine  powder  or  down  ;  the  larger  sort  about  the  size  of 
a  hair.     Seldom  above  a  quarter  of  an  inch  in  length. 
Seem  to  consist  of  four-sided  prisms;  when  brokea 
the  section  is  rhomboidal.     Colour  white.     Snrfaa 
sometimes  stained  ochre  yellow.     Easily  reduced  to  s 
powder  of  a  brilliant  whiteness.    Transparent.    Specific 
gravity  l''22.     Infusible  before  the  blow-pipe*. 
Subspecies  2.      Compact  Waveliite. 

It  consists  of  an  assemblage  of  crystals,  closely  com- 
pacted together  in  the  form  of  mamillary  protuberances, 
of  the  size  of  small  peas,  and  intimately  connected  to- 
gether. A  stratum  of  these,  about  ^th  inch  thick,  is 
spread  upon  quartz  in  the  cavities  of  granite.  Strie  di- 
verge from  a  centre.  Colour  the  same  as  the  preceding. 
llnrd  enough  to  scratch  calcareous  spar.    Specific gravi- 


^  Gregor. 


t'RSEKITE. 


2n 


ty  r  t53«  Docs  noe  imbibe  water.  Dccripilatct  when 
soddrntf  bested  ^«  Does  not  become  electrical  or  pbos* 
{ihorescent  hy  beat  or  fusion  f . 

Tbougb  this  stone  had  been  mentioned  by  Sage  f  ^ 
Rome  de  LiUe  ||^  and  other  nuneralogista,  Werner  was 
Ibe  first  who  properljr  distinguished  it  frcm  other  mi- 
oenlty  and  made  it  a  distinct  species.  Th«  specimen 
which  he  examined  was  brought  from  the  Cape  of  Good 
Hope  by  Colonel  Prehn  ;  hence  the  ntinxt  prthmie^  by 
which  he  distinguished  it*  It  was  found  near  Dunbar- 
toA  by  Mr  Grotche  %  »  and  since  that  time  it  has  been 
observed  io  other  parts  of  Scotland- 
It  is  both  amorphous  and  crystallized,  The  crystals 
are  in  groups  and  confused :  they^  seem  to  be  four* 
tided  prisms  with  dihedral  summits^*.  Sometimes  they 
are  irregular  six-sided  plates,  and  sometimes  flat  rhom- 
boidal  i^arallelopipedst 

Colour  greenish  whiter  greenish  grej>  mountain 
green^  apple  green ^  yellowish  grey,  and  yellowish  green. 
£jiiernal  lustre  3  ;  internal  3^  2,  pearly.  Fracture  some^ 
limea  foliated^  with  an  imperfect  single  cleavage  ;  some- 
times radiated.  Fragments  wedge-shaped.  The  foUa^ 
ted  rarieties  are  composed  of  granular  distinct  concre* 
tSGus  i  the  radiated  in  wedge-shaped  disrinct  concre- 
cic^na*      Transparency  2\  sometimes  3,  and  even  4- 


Zeolite 
Fsmily* 


I  Ktrwaii,!.  S74.--Hii«tnfnits,  Jottr.  dt  /^li>j,  iialL  8f *— Safe.  Itud* 
maaiir.446*^Kbproth,  1?»*.  */rr  BtrUn^  %  Bwwl  a  i  ;  ind  Am,  A  Chim. 
L  »ot- — Hi»ujr*  iii.  167. — Ofochant,  i.  ^^j.^io^^on,  L  204. 

I  M»^tf.  I  '%yi,  ll  CrjUaii.  ii.  375.  I  sitiiu  de  Ciim,  i-  flj. 

••  Hiwy,  J9ur,d^  Mht.  No,  iiviii.  S77, 


g*t4  STOVKS. 

Bonk  iiL     Scmtches  gUu  tlightlj.    Frangibility  4.   Specific  gn- 
Chap,  n.    ^.^^  ^^^^^^  ^  2\6960  *.     Before  the  blow-pipe  £rotht 

strongly,  and  melts  into  a  brown  enamet. 

The  mineral  called  ioupholite  is  supposed  to  be  a  vi- 

riety  of  foliated  zeolite. 

Sp.^.     Needle-  Stone  \. 

This  mineral,  which  hat  hitherto  been  found  oaly 
in  Iceland  and  in  Britanny,  teems  to  have  been  consi- 
dered at  a  variety  of  zeolite,  till  Werner  lately  ^ttiB- 
guished  it  as  a  separate  species. 

Common  colour  yellowish  white.  Occnrs  masavc^ 
andcrystallized  in  rectangular  four- tided acicnlar  priimi^ 
flatly  acuminated  by  four  planet  set  on  the  IntcFalCMO. 
Crystals  sometimes  scopiform  aggregated,  aometiaies 
intersect  each  other.  They  are  longitudinnUj  streaked. 
Estemal  lustre  3,  bordering  on  4 ;  internal  2*  Tinoas. 
principal  fracture  imperfect  narrow  ttraigfat  cadiaiel; 
cross  fracture  uneven  and  glassy.  Composed  of  fsij 
fhin  columnar  distinct  concretions,  again  aggregated  into 
large  angular  concretions.  Transparency  of  the  smor- 
phous  2,  of  the  crystals  4.     Hard.     Brittle. 

Sp.  4.     Zeolite  %. 

This  mineral  was  first  noticed  by  Croottedt,  who  de. 
scribed  it  in  the  Stockholm  Transactions  for  1750,  and 
gave  it  the  name  which  it  now  bears ;  but  it  is  to  Wcr- 


e  Hauf.  t  Jameson,  iu  599. 

X  Kirwan,  L  278  — Guettard,  !▼.  637.— Bucqoet,  Mtim'.  'Sr».  Mhrng, 
tx.  576.— Pelletier,  Jour,  dt  Hjs,  xx.  400.— Hauy^TS/i^i.— .»rod«mf'  a 
49S/— JamciOD,  i.  S08. 


ner  afid  fiaoy  that  we  are  indebted  for  the  exact  discr!- 
auaatJofi  of  its  different  varieties.  Werner  subdivides 
it  into  four  subspecies,  disiiogui^hed  chiefly  by  theii 
fractuxe. 

Suhptcia  1.     Mealy  Zichti, 

Tbis  CDintral  occurs  in  tbc  same  situations  as  the 
other  subspecies^  and  is  not  uncommon.  Colour  yeUow* 
iih  or  reddish  white.  Occurs  massive  and  coralloidal^ 
ijid  sometimes  covers  the  surface  of  the  other  subspe* 
cies.  Ifit<;rnal  lustre  0«  Fracture  coarse  earthy  |  some- 
times delicately  fibrous.  Fragments  blunt.edged.  0« 
paque*  Very  soft.  Frangibiliiy  4.  Light-  Whea 
llie  finger  is  drawn  across  it,  a  sound  is  givea  oot  un- 
like that  from  burnt  bricks* 

Suijfitda  2.     Fiirous  Zeoliti* 

This  mineral,  like  all  the  other  subspecies,  occurs 
dlieSy  in  rocks  belonging  to  the  floetz  trap  formatioo. 
Il  ia  massive,  in  balls,  and  likewise  in  capillary  crys« 
tals»  Colours  snow  white,  yellowish  whice,  greenish 
i»|itte^  reddish  white  ;  ochre  yellow  ;  greenish  grey  j 
flesh  red.  Internal  lustre  i,  2,  pearly.  Fracture  fiae 
fibrous;  sometimes  splintery*  Fragments  wedge*sha« 
ped*  Li  granular  distinct  concretions*  Transparency  2* 
Sc]mhard«    Frangibiiity  4* 

Suispecm  ^*     Radiated  ZfolUt* 
Mtiotyfe  of  Hauy. 

This  subspecies  is  found  massive,  globular,  and  crys« 
tallixed*  The  primitive  form  of  its  crystals,  according 
to  Hauy,  is  a  rectangular  prism,  whose  bases  are  squares. 
The  most  common  variety  is  a  long  four«sided  prism, 
Icnaiaated  by  low  four-sided  pyramids** 


•  lUay,  Afcf  4i  Mim.  No,  w.  16- 


Sa 
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Book  ill.         Colour  yellowish,  greyish,  reddish,  and  sncv^  while. 

!■  I  ?  ■  '>  External  lustre  3,  4,  pearly ;  internal  2,  pearly.  Frac- 
ture narrow  and  broad  radiated.  Fragments  sometimei 
wedge-shaped.  In  large  longish  distinct  concrttioas. 
Transparency  2  ;  sometimes  3.  Occasions  double  re- 
fraction. Scratches  calcareous  spar.  Brittle.  Frakijp- 
bility  4.  Absorbs  water.  Specific  gravity  2*083S. 
When  heated  it  becomes  electric  like  the  toilrmaline  *. 
Before  the  blow-pipe  it  froths  f ,  emits  a  phosphorescent 
light,  and  melts  into  a  white  semitransparcnt  enailid, 
too  soft  to  cut  glass,  and  soluble  in  acids.  In  adds  it 
dissolves  slowly  and  partially  withbut  etfervesoeaoe ; 
and  at  last,  unless  the  quantity  of  liquid  be  too  great,  it 
is  converted  into  a  jelly. 

Suispecies  4.     Foliated  ZeoKte. 

StUbiie  of  Hauy. 

This  mineral  occurs  massive,  globular,  and  oystsl. 

lized.    The  primitive  form  of  its  crystals  is  a  rectiogn- 

lar  prism,  whose  bases  are  recungles.     It  c^yitallizes 

sometimes  in  dodecahedrons,  consisting  of  a  four*sided 

prism  with  hexagonal  faces,  terminated  by  four.sided 

summits,    whose    faces  are  oblique    parallelograms; 

sometimei  in  six-sided  prisms,  two  of  whose  solid  angles 

are  wanting,  and  a  small  triangular  face  in  their  placet* 

Colour  yellowish  or  greyish  white ;  and  sometimes, 

though  seldom,  snow  and  reddish  white.   Internal  lustre 

3, 4,  pearly.    Fracture  perfect  foliated  ;  folia  somewhat 

curved ;  cleavage  single.     In  granular,  and  sometimesy 


*  Hauy,  fftrr.  de  Mi;  Na  bituL  a76> 

f  Hence  the  nime  zctiiie;.  fruni  Cf»  and  Aifo;. 

;  Hauy,  Jtur  df  Min,  No.  xiv.  86. 


B^gh  ^rf ly,  in  hmellcj  distinct  concreitons.  Trtof- 
pai^encjr  of  tKe  crystals  3,  4  ;  of  the  massive  2,  Hard* 
neta  inferior  to  that  of  radiated  xeolite-  Brittle.  Spe- 
cific gravity  2*500  *.  Powder,  when  erposed  to  the  air^ 
cakes  ADd  adheres  as  if  it  bad  absorbed  wafer.  It 
cmuft^s  syrup  of  violets  to  assume  a  greeo  colour.  When 
heated  itt  a  porcelain  crucible,  it  swells  up  and  assumes 
the  colour  and  semitransparency  of  baked  porcelain^ 
By  this  process  it  loses  0*185  of  its  weight,  ^eforc  the 
blow*pipe  it  froths  like  borax,  and  then  melts  into  an 
opaque  white  coloured  enamel  f  •      Does  not  gelatinize 

K' '  {,     Not  electric  by  heat. 
•  Cubiziti  of  Werner. 

\  stone,  which  was  discovered  by  Mr  DolomieUp 
T9  loudd  crystallized  in  the  cavities  of  basalt.  It  was 
Enade  a  distioci  species  by  Mr  Hauy,  Mifiieralo^ 
[|gd  formerly  confounded  it  with  xeolite,  . 
e  primitive  form  of  iu  cryHaU  is  a  cube.  It  is 
[imes  found  crystallized  in  cubes,  whose  solid  an* 
gles  are  wanting^  and  three  small  triangular  faots  iu 
place  of  each  »  sometimes  in  polyhedrons  with  twenty- 
four  faces.  Extcmal  lustre  4,  between  pearly  and 
^dUfOi^;   internal   3.      Fracture  very   imperfect   fo- 

ed.  Cleavage  triple,  parallel  to  th«%  udes  of  the 
*  Fr;igmeots  approaching  to  cubjc,^  Has  ^a-ten* 
y  to  granular  distinct  concretions-     Transparency 


X4 


^ 


CrfrtiU 


fi6*iy. 


frem  2 16  J.  Hardness  about  Ot  icf itches  imw 
Specific  gravhjr  above  2.  Col«^ur  white  i  tofnctir 
red.  When  rubbed,  it  acquires  only  a  imatl  6tgT^€  i 
electriciry»  and  with  difficulty  •.  Before  ihc  Wow-frif 
it  mchs  without  frothing  into  a  whhe  srmlt 

Thif  Oiineral^  which  was  first  separaied  from  the] 
ceding  species  by  Bosc  d*Antic  and  Haur»  is  found  i 
Oberstein  in  Germany.  It  Is  found  usually  in  cryi 
The  primitive  form  is  a  rhomboid  differing  very  tittl 
from  a  cube,  having  the  angle  at  its  summtt  93i*» 
Sometimes  it  occurs  in  that  form  \  at  other  times  six  of 
hi  edges  are  truncated,  and  the  truncatures  untlCi  three 
and  three,  at  the  two  opposite  ingles,  while  the  oAter 
six  angles  are  truncated  :  sometimes  in  double  six^ded 
pyramids  applied  base  lo  base,  having  the  six  angles  i 
the  base  and  the  three  ficute  edges  of  each  pyrati 
trnncated.  Colour  white  ;  sometimes  fraiisparenu  Sp 
cifie  graviry  ^-7115.  Scratches  glass*  Mella 
thel»low*pipe  into  a  white  spongy  mass. 

jtndre^lstt  of  Lamtthcrie— JSTy^inff/fr  hlanckt  tnmf9r^ 
ffu,  van  9*  of  RoRie  dc  hi^^ c^^Harmotomf  of  Hatty. 
This  stone  has  been  found  a(  Andreasberg  in  the 


•  Heaec  the  mmt  dftMrnf  given  it  by  Hiof ,  from  m^i^mHt 
f  H41171  /«vr.  tU  M'ft.  N<».  &iir.  $6.  and  aiviil  17!. 
t  HiHf,  lit  S76«^firu€hinc»  i«  J09. 
i  Kirwftfl,  u  aSs<~Hauy,  ul  19 1.»  Brochaat,  L  nt.»JanicW|L 
^  alt9  Gtlbt,  /f»r.  ^#  Pi'yt*  I  T9J«  p*  I » tad  s. 


STAUHOLITE— LdMOKITE. 


UtftXy  and  at  Strontlan  iii  Argylcshrrc  in  veins.  At 
Oberstcin  it  occurs  crystani3Led  in  a^ate  balls.  The 
form  of  iU  crystals  has  induced  orvincralogb>t5  to  give  it 
tile  name  of  crost^stone.  Its  crystals  are  two  four*  aided 
flattened  prisms,  terminated  by  four.sided  pyracuidsi 
intersecting  each  cither  at  right  angles  :  the  plane  of  in* 
tersection  passing  longitudinally  through  the  prisms. 
Sometimes  these  prisms  occtir  solitary.  Primitive  form 
an  octahedron  with  i sureties  triangular  faces-  The 
faces  of  the  crystals  striated  longitudinHlly. 

Colour  greyish  white^      Lustre  3,  between  pearly 
and  vitreous •     Cross  fracture  uneven,  sometimes  small 

^nchoidal  ;  longitudmal  fracture  foliated.     Transpa- 

^xency  2,  3.  Scratches  glass  easily*  Frangibility  4. 
Speci6c  gravity  J2'333  to  2*361-    When  heated  slowly^ 

It  loies  0*15  or  0'16  parti  of  its  weight,  and  falls  into 
powder.     It  effervesces  with  borax  and  microcosmic 

3:%lt^  and  \%  reduced  to  a  greenish  opaque  mass.  With 
aoda  it  melts  into  a  frothy  white  enamd.  When  its 
powder  is  thrown  on  a  hqt  coal,  it  emits  a  greenish 

yellow  light  *• 

^  Sp.  %*    Lomortifei. 

,  This  mineral  was  nanicd  by  Werner  from  GUlet 
^aumonty  who  foiind  it  in  1785  in  the  mine  of  Huel- 
goetr  Colour  snow  white.  M  issive*  I^racmre  fbita- 
'ted  ;  surface  of  the  folia  streaked,  which  gives  a  pecu- 
^ar  lustre  to  the  surface  of  the  mineraL  Lusitjre  ^, 
pearly.     Composed  of  longish  granular  distinct  concre* 


Fiimlf. 


*  H«U]r»  J»w,  dt  Mil.  No.  xtviii,  «8o. 
f  f  Jamcfon,  h,  540. — Hiuy,  tv.  410. 


aHckarieildiviMM.  MittfiMNc  dimiU»i».iln4nii 
tkaafAtiiagoiMb.  The  iiiM>inJ»  y>ja»Jrfft  jmj 
dH  ntenid  mv  pmcrrtftamtpiii  i^pm^^NlpMli 

&Iia»  Md.frllt  into ,tS9ill  | 


Schmiimikm  of  Werojir* 

..  3>tt9uiienabMlimiQfii^      ^^Umm$^J^ 

fltncM.  imbedded  either  ia  fueiciilir  aeitei  nr  hiill 

pitaukanxkoftlei^.  CUbiir  i^difVc^^ 

iRrbibt.    iMgitndiotl  fiQMtiii!eA>]i«to4 

.fMfleBd  to  tbe jhiM of ih»  i^pt  heiehi4wWy  .]^l!|tf 

S^gUf.    HttdntMt.  ;FrttgihiKli|r^ 

iiicj  2;oao.    MdUt  eal  fiotha  jbefMj^  i^  ^^NhIP^ 

nio^pboresoes  Jightlj  on  bo|l  coelib 

Sf.  10.    ^ofrvAif^f. 

■'  ■     '  *  •  .' *  ^y 

This  minerti,  which  was  jGrst  deKnbcd  wd  nd^ 

bj  Klaproth,  received  iu  name  from  that  ilfantoieaf 
c^bemist^  on  account  of  the  large  proportioa  of  «o^ 
;prbich  it  contains.  Hitherto  it  hu  been  tcmA  iMij  « 
Ae  mountains  of  Snabia,  where  it  bordert  'cio  BwiClCN 
land.  '  ^   "'  ■■  •     ■    ■  i  ■••■•  "  ■ 

Colours  yellowish  white,  cream  yellow,"  tnll  Q^ 


•  Brochant,  il  508^-^ny,  iiL  a4S»— Jies«ri^  lii  i 

f  Jtmrsnfi,  fi.  i4  . 
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jeUowuh  brown.  These  colours  form  stripes^  i/vjuch 
arc  curved  in  ,the  direoijon  of  the  external  surface. 
Massive  and  reDifofm.  Surface  drusj,  being  covered 
iritb  mioute  crystals,  seemingly  rhomboidal.  Internal 
lustre  l«  Fracture  delicate  fibrout.  Occurs  in  granu* 
lar  distinct  concretions.  Harder  than  suurolite.  Trans- 
pttrency  !•  Frangibility  4.  Before  the  blow-pipe  it 
melts  easily  iqto  a  transparent  glass  full  of  cavuics^ 

La^ulite  of  Werner. 

Thts  mineral  was  iirst  made  kn^wn  to  mineralogists 
by  Klaprcth  f ,  i^rho  gave  a  short  descriptioo  of  it  as 
found  at  Vocau  in  Austria^  and  proved  that  it  differed 
from  t^ctj  other  known  mineral,  A  substance,  to 
which  the  same  name  was  given,  was  found  afterwards 
in  Stiria  near  Waldbach,  and  in  the  neighbourhood  cjf  ^ 
Wieneriseb  Neustadt ;  and  described  and  analysed  in 
'J>806  by  Bernhardt  and  Trommsdorif  {,  A  mineral 
mrms  discovered  about  the  same  time  by  Baron  Von 
Moll^  lo  which  the  name  of  moUiit  was  first  given.  It 
wmi  afterwards  called  sidtrite\  and  Mohs  showed  that 
tl  was  the  same  with  the  azurite.  lo  1807  Leonbard  } 
published  a  description  of  the  la^uUte  and  sidiriu^  which 
lie  considers  as  two  distinct  species*  According  to  him, 
Bemhardi,  Trommsdorflf,  and  Mohs  had  seen  only  the 
lazulite  and  not  the  siderite,  Leonard's  description  of 
the  laxulite  differs  considerably  from  that  of  Bernhardi* 


2&eolit« 


I  CcBJoi'*  /i«m  Bccond  Srrk«,  1 904.  $  Ibi^.  tti*  aoi . 


SfS  ttMtM. 


%2$Ss  m  of  t  minm)  frcnm  Xrieglich  in  StiH«i  ItMdi  k 
cillad  tewfier»  bat WtTteh  obromdj  dcRrtl^ii  tarfiiN 


pertiet  bdjh  from  die  AlM/Sif#  iad  isMb  tf  fmitep| 

From  the  j^reoediog  siecoitiit,-{t  ii  obViooe  diet  tftfM. 
b  » '^^  ded  of  coirfuUoQ  &i  die'l^ 
^  of  the'  anmiu:  Th^  pretent  mte  of  SniUpe  jHlq 
venting  specidietti  from, these  eonntriet  coming  to  W^' 
tain»  it  is  hsuurdons  to  ven'tiire' to  give  na  opiiiw^> 
wtthont  having  in  bppUrtttnity  of  esftmining  tlie  mie^, 
HUb  Aemselves.    It  een  setroehf  be  doablei^:lHWi!i%9 

'  tUit  Ml  leest  tiso  spedes,^  or  more  probeUy  skfss^bsee 
becUft  eonlbnrtded  tdgether  mder  the  seoM  nnme^  Ths 

"heme  Mmnjr^is  hereeonined  to  the-  minripl  nrifhillj 
pottiled  tet  by  Kiepeeib  in  from  Vorekb  -  ..  v 

^It^)faetirs  imbedded  in  euceeleteb  and  am  si#i|^  h 
Leenhiard  in  the  rifts  of  day-slate,  filiii  inliimsUll 
between  berlin  and  malt  Uiie«-  Dissemfnaipd  eadk 
erystalst  which  are  imperfect^  hot  appear-  to  be  frar, 
sided  prisms  f  •  The  sides  of  the  prisnm  are  een^adUBi 
smooth,  sometimes  faintly  irTirnlrnl  bmjitndimli'j 
Lnstre  2»  S,  vitreoas.  Fractnre  large  grained 
passmg  into  iasperfeet  foliated.  Fngawnts 
nate,  prettjr  bhmt  edged.  Tran^areocj  ecjana^  L 
Semihard.    Brittle.    Frangibilitjr  4. 


*  Bfcfr^«,  IT.  179. 

t  Bqrphardi  dctcribct  the  cryitoU  at  octtJiedfont ;  tet  LrnBlMriw|ihi 
never  percci^red  any  loch  figsrs  in  the  ssiuate  of  Saloibvf •  ,  r  • 


StDERlIT— lAZULITE. 


2i!l 


Sp.  12.     Siderite*. 

al  has  liitherto  been  found  only  in  a 
lypsum  mountain  in  Salzburg,  Colour  intermediate 
ctween  berlin  and  indigo  blue,  mixed  with  a  little 
fey*  It  occurs  disseminiittd»  and  never  crystalUxcd. 
Internal  lustre  accidental,  internal  !!,  viireou?,  ap- 
iroiching  the  resinous.  Fracture  pcifect  small  con- 
hoidflK  Fragments  tabular*  ndt  remarkably  sharp- 
dged.  In  small  angular  granular  concretions*  Trans- 
tfcncy  1,  Hardj  gives  sparks  with  steel.  Brittle, 
'rangtbility  2- 

Sf.  13.     La%utiu\. 
Lapis  Lazuli  of  Mineralogists. 
This  stone,  which  is  found  chiefly  in  the  northem 
mu  of  Asia,  was  long  known  to  mineralogists  hy  the 
lame  of  lapis  lazuli. 

Colour  azure  blue.  Some  yarietles  pass  into  berlin 
Ine^  and  others  into  smalt  blue.  Found  massive,  dis- 
rminated,  and  in  rolled  pieces.  Lustre  2^  1.  Fracture 
engrained  uneven.  Transparency  1.  Scratches  glass. 
tile.  Frangibiiity  4.  Specific  gravity  2*76  to  2'Q45t* 
It  rttains  its  coluur  at  100^  Wedge  wood ;  in  a  high-. 
'  heat  it  intumesces,  and  melts  into  a  yellowish  black 
ass*  With  acids  it  effervesces  a  little  ;  and  if  prevt- 
calcinedj   forms  with  them  a  jelly.      Margraff 


F^ly. 


d,  OehlenS  Jour.    Second  Series,  Hi.  lOt* 
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From  the  preceding  Table,  it  epp 

jies  resemble  each  other  very  clos< 

piion.     They  all  con&ist  c£  silica  a 

lars  that  all  the  spe-                   ^^^| 

fly  ill  tiicir  compo-                   ^^^f 
tid  alumissy  united                    ^^H 

866  .      .mH£«. 


of  wttcr.  This  tlkafioe  mbstsD^  »  ttsapUj  Itrae  i  he 
in  itMFoHte  it  fa  batjttt,  ind  in  fiatniHM  <odm,  ^«9& 
lile  dlfifen  froqi  the  rmt  io  being  4ettititte  of  ibt  aUsi. 
iiBtf  ittgredicnt^  and  in  containiiig  a >cs]r  Ammll  propit* 
Hoa  of  silicaw 
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i 


XI.    Felstak  FAMiir. 


.Tm  fiunilj  coamti  o(  six  $pm€%  moit  of  wind 
liMB  been  bnt  Idteljf  ^Imvted  into  the  mlncr^  §jmm. 
Tbese  are  mml4Anifi^ /kbfiar,  icsfmSie,  «^ir#m>^»  ^ 

*..    This  xnioeral  was  diseover td  b j  Bonmo^  in 
five  granitic  naoiintiun  in  Foret,  and  described  bj  hfct 
16  Am  Jonrnal  do  Fbysiqae  of  lTft9*     At  first  it  «if 
considered  as  a  variety  of  eorundnm  or  left  par .    It  Im 
been  (bond  in  Aberdeenshire  in  Scotland. 

Colour  flesh  red,  sometitnes  approatfaing  to  roseni 
Massive,  and  crystallired  in  rectangular  fbor^uM 
prisms.  Fracture  iioperfect  foliated.  TransptrcQcf  Si  i 
Scratdies  quartz,  and  even  sametimes  &pineIL  Fi»i 
gibilitj  4.  Specific  gravity  3  105.  lafbaiblB  b^  At 
blow*pipe  without  addition. 

This  is  one  of  the  most  widely  dUtriboted  and  Mi 
abundant  of  minerals,  forming  a  constitueot  of 


•  Klrwaa,  L  3  J7.^-Hiii7,  iv.  jj^t^aamaot  U.  J46» 

t  Krwao,  i.  |t6.— Hauf,  U.  jyx-Jkachwr,  L  |ll     lMeii^>  4f  • 


FEL&PAJt. 


gneiiSi  «fi4  many  other  primitive  and  nransiUon" 
It  is  very  frcqueatlj  crystallized,  and  the  priatitive 
form  of  its  crystals  is  an  irregular  parallelepiped.  Oc- 
curs usually  10  rhoroboidal  prism^^  or  in  $ix  or  tea 
lided  priimSf  terminated  hy  irregular  sumtnits.  h 
^Ive»  out  a  peculiar  odour  when  rubbed*  Becomes 
electric  by  friction,  but  with  great  difficulty.  Fusible 
f^r  u  into  a  more  or  less  transparent  glass.  When 
crystallized  it  decrepitates  before  the  blow-pipe.  For 
tbc  conveniency  of  description,  Werner  divides  this 
nfcies  into  five  subspecies. 

Suhifecits  1,  yiduhria.  This  subspecies  was  first 
bserved  by  Mr  Pini  on  the  summit  of  Mount  St  Goth- 
in  Switzerland,  called  Adula ;  bence  its  name.  Jt 
as  been  found  also  in  other  places*  The  variety  called 
^mionc  comes  from  Cejlon. 

Colour  greenish  white,  often  inclining  to  asparagus 
Sometimes  has  milk*  white  spots,  with  a  sil* 
lustre.  Found  massive,  in  rolled  piccet,  and  cryi- 
lUized  in  oblique  four- sided  prisms,  bevelled  on  both 
a4i »  tn  %ix  sided  prisms  \  and  in  rectangular  four* 
ded  prisms,  withobiique  t<;rminal  faces.  Crystals 
|re«ked  longitudinally.  External  lustre  4,  pearly  i 
astf  e  of  the  principal  fracture  4  i  of  the  cross  fracture 
p  between  vitreous  and  pearly,  ,  Principal  fracture 
lerfect  specular  splendent,  wiih  a  double  rectangular 
Jeavage  «  cruss  fracture  small  imperfect  conchoidal. 
ragn^ents  rhomboidal.  Tends  to  thick  straight  la- 
liar  distinct  concretions.  Transparency  3,  2.  Hard* 
ts  9  to  10.  BriiUe.  Frangibility  4«  Specific  gra- 
rity  2*559. 
Suhfpfciii^*  J^iibradort  Ftlipar,  This  subspecies  was 
t  observed  on  the  coast  of  Labradorc  by  Mr  Wolfe, 


Pekpftr  . 


.Jl^ 


2Bft  *tO*ES. 

Bdok  nt  "^  %nd  mti  Out  tlide  it  bu  been  SibiMMtU  <hr  «Wk 

T^^!^  An  pKtti  «f  the  -old  eonCiDmt. 

ColQitt  tibolw  grejp  which  p^ 
^kHolriab  grey  i  in  certtin  poddooi  U  MfiMI's  |fli» 
fitrictjr  ttf  MliDiiri^  is  blue,  frMiy  jdbw^  Md^  iMfkl. 
Occort  c6mMtel7  tDOsive-iiid  h  mIM  Italic 

tim  berfcd  Ibliited^  folU  cronbg  ki  liglir  ii^' 
Lmti^  of  the  prindpil  firtetore  S, « »  olfSt^tt^mfai^ 
toks^betwoea  peittfyaiidTitmM.  Dknfl/itfi^ 
milttr dttiiiet  (toocrciioog ;  eometfaMai i^iSUkkkltl0 
lamellar  dbtinct  coiicretioiis.  TMil^ic«ftle|rt»  1^. 
clfle  gravity  TfFT  to  g*60. 

gfej,  and  green.    iTheTarietkiofgm^aM  aaMM^- 

bToidi  grey ;  of  white,  grejtdi,  tidlk^ycaof^lflib  J^^ 

isliy  and  reddith  white  \  of  red,  dcdi,  blood,  wmWllft\ 

tti ;  of  green,  asparagus  Utk ,  aoontitiir,  tei  Mtfiyriif 

greed.  Obcnraaiiafliw^b  rolled  pieeoi^dM  In  fllfl^ 

ahoeiTttalfized  in  ifat  and  font  tided  pAaaL^l^iSC: 

tal  lustre  S :  Iniftre  of  the  principal  fracttM  S,  4|li? 

th6  dross  fracture  i,  vitreous.     Fractnro  mot*  ^tti' 

perlect  foliated  s  deaVage  donble^  the  felin  imtfiialii| 

atvrigbt  angles ;  cross  fracture  fine-gndned  jiijii^ 

passing  into  splintery.  Occurs  in  grannlar  Sudtuilitl^ 

cretions.    Transparency  2.    Scrattebes  glaai.    tidbK 

Frangtbility  4.  Specific  gravity  from  2*4378  to  g^Stfl^i 

This  subspecies  fre^oeotly  decors  in  a  dubU9ghdii 

state,  and  then  approaches  porcelain  day }  oaEcept  dit 

the  crysialHne  form  may  Sometimes  be  recbgniaed.    &I 

colour  is  yellowish  or  reddish  utrUtA,  *j 


t£tS?Ail. 


d0t 


f  dfi  grey.  '  loternal  lustre  between  2  2ndJ6.|Frac. 

Tc  sometimes  imperfect  foliated,  passing  Into  earth j  ; 

mutinies  beti;ceeo  uneven  andearthjr.  Usually  opaque. 

ft.     Frangibility  4. 

Subsptciis  4.     Hollow  Spar.     Cbiastotiu  of  Karstea 

Modi  of  Hauy  and  Rome  de  Lisle,  This  singular 
liiheral  was  first  observed  in  Britanny,  and  near  S( 
acques  de  Compostelh  in  Spain*  It  is  always  crys- 
illized  m  four- sided  prisms  nearly  rectangular.  Whea 
^c  view  the  end  of  the  prism,  we  perceive  in  the  centre 
kf  it  a  blackish  prism  inclosed  in  the  larger  one^  which 
s  of  a  greyish,  yellowish^  or  reddish  white  Goloon 
*rom  each  angle  of  the  central  prism^  a  blackish  line 
iftises  to  the  corresponding  angle  of  the  outer  prism  } 
kod  in  each  of  these  external  angles  there  Is  commonly 
I  imall  prismatic  space,  filled  with  the  same  matter  a« 
bat  of  which  the  central  prism  is  composed.  This 
natter  ts  a  blackish  coloured  clay  slate,  the  same  as  the 
lock  in  which  the  hollow  spar  is  found  imbedded. 
•  Fracture  foliated.  Cleavage  double,  the  folia  bein^ 
Mrallel  to  the  lateral  planes  of  the  prism.  Transpa- 
tecy  2,  but  0  when  the  crystals  are  in  the  state  of  de* 
prnposition.  Scratches  glass  when  in  a  fresh  state# 
ipccttic  gravity  2'P4i4.  When  rubbed  upon  sealing 
irmx,  it  usually  communicates  negative  electricity*. 
^forc  the  blow.pipe  it  is  converted  into  a  whitish  sco-^ 
^.     The  clay  slate  yields  a  black  glass. 

S^htpfciit  5.      Compact   Filsfar,     PetrasiUx  of  tht 
Uder  French  mineralogists.    This  mineral  occurs  abuo- 

lOtly  in  many  oountries^  being  a  constituent  of  green* 


Fclf^r 


yb/.m 


•  Hiii)f,  lii.  t€M.^JmMmn,  ti  545* 


^0  STOKES. 

Book  iir.  stone.  Colours  grey,  white,  bluet  gre€ii»  and  red.  The 
'-  varieties  of  grey  are  greenish,  smoke,  and  aa^^  g^j ;  a( 
green,  apple,  pistachio,  mountain  green  i  .of  blpe,  i^ 
and  smalt  blue  ;  of  red,  flesh  and  blood  red*  Ocqo 
massive,  in  rolled  pieces,  aiid  in  crystfda,  in  sptjqoe 
green  porphyry.  Internal  lustre  2,  J .  FrmctiinB  sp. 
pears  splinteiy,  but  on  examination  proves  to  b^  wj 
small  foliated.  Sometimes  in  fine  granular  distinct  pat^ 
cretiops.  Transparency  2,  i.  Hardness  O.  FfVP" 
bility  4.  Melts  before  the  blow-pipe  withont  fd4j|tkpl^ 

Sf.  3.  Metonieej-. 
White  Hyacinth  ofSomma  of  Rome  de  liilf. 
This  i^iincr^l  is  found  on  Soipo^a  aioopg  the  ab* 


•  PIram  the  dcscripcina  ud  ittaljrMof  Khprock  (BM«i^p,lffit79.), 
If  tppewH  thsc  tht  mtiienl,  fonatt^  conwkrcd  m  the  bbt  vppSf  ff 
conpact  felipar,  it  in  retlicy  a  diitinct  ipecm  U  occvn  in  a  ^B^ffUft 
ib  Stiria,  where  it  performs  the  pan  of  fclipar ;  the  rock  bdngcoBfMA 
chiefly  of  quit tt  and  mica.  Itt  colour  ii  ature  hlue,  pUHiig  imo  UdU 
white.  Intemal  luitre  2,  retinout.  Fracture  iplantery,  paanng  into  csa* 
cealed  foliated.  Fragments  indeterQkinate,  Bot  sharp-edged.  Tnap 
reocy  x.  Screak  mow  white.  Semihard.  Specific  gravity  3^946.  &> 
fore  the  hlow-pipe  it  hccomel  isabcUa-ycllow,  and  splits,  butdoaaoc 
melt.  With  phosphate  of  soda  or  baraa  it  gradnally  aeltt  into  a  cn» 
ptfqit  glass  ^ead.    Its  coastitueots  arc 

Alumiaa     •    Jt 

Silica     -    -    14 

Mignesia    -      5 

Lime     -    «      3 

Uoneside  •     0-75 

Potaih   -    •     0*15 

Water   -    -      5 

LoM*    •    -      X 

xoo 
t  Havy,  il  s^^'    Tcnfidler,  Nicholson*!  /wr.  ui.  191. 
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Stance  ejected  by  Mount  Vesuvius.     It  was  fir«l  dc-      l^^Mr 

f  .  Family. 

sen  bed  bpr  Rome  de  Lisle,  and  constituted  mto  a  pecU-  <—  v  — ' 
liar  species  by  Haiiy.  Werner  has  not  yet  admitted  it 
into  his  system,  suspecting  it  to  be  only  a  variety  of 
felspar^  to  which  it  beats  «  cfertain  resemblance  j  but 
Utt  ^mpt  o£  its  crystals  is  iocompalible  with  that  sup- 
y<Mitioa« 

The  meionite  occurs  most  iisually  in  crysialsi  though 
MHAettaici  it  is  observed  m  irregular  grains.  The  pri* 
auiivt  fom  of  its  crystals  is  a  rectangular  prism  whose 
bii«a  are  tquatv^*  It  occurs  most  commonly  in  an  eight 
sided  priim  terminated  by  four  sided  pyramids.  Same* 
timrs  the  pnstn  is  twelve  stdtd  by  the  tnmcation  of 
Some  of  its  edges.  Coloar  greytsb  white.  Lustre  flj 
VitfeoiiS4  Fracture  flat  conchoidal.  Transparency  2* 
ScTfttchcs  glass  bat  not  felspar^  Melts  bi^fore  the  blow4 
fipe  iolo  a  white  spongy  glass^ 

Sp.  4.     Scapi^te  •* 

Paranthine  of  Hauy. 

Tliis  mineral  has  beeti  hitherto  found  only  near  A- 

tendttl  in  Norway^  in  mines  of  fireestone.    Colour  grey- 

iah,  yellowtshi  and  greenish  white*       Masiatvc  i   but 

fnore  commonly  Crystallized  in  longi  thin^obltquei  fout^ 

aided  pristasi  often  aciculan    Primilive  form^  a  reciang* 

olar  prisn)«     Crystals  slightly  streaked  longiludinatly ; 

aggregated  into  thick  fasciculi,  which  are  again  united 

together.      External  laslre  2 ;  internal  ':?,  l?,  between 

resinous  and  pearly.     I^ongitiidinal  fracture  imperfect 

diatedi  cross  fracture  fine  grained  uneven.     Transpa*- 


202  r.      .  STOKES. 

# 

Book  in.     renc7  2«     Scratches  glass.    Britde.      Fnnglbilitjl. 
■  Specific  gravity  from  2*7404  to  3*708.' 

Uow*pipe^  froths  and  mdta  iaio  a  whitio  oteflld^. 

Sp.5.    Wjfrmriiif. 

This  mineral  was  disoovtrsd  and  doactibwi  • 
drada,  who  named  it  after  Werner.  StboM  klH 
|ieen  ibnod  only  b  SwedM  and  Nonmy.  Odhr 
greenish  grey )  surface  of  the  crjstnla  bonsosn 'diy 
blue  and  celadon  green*-  Massive^  and  dyalBlittd'k 
low  eqniangnlar  eight-sided  prismsi  teiwuBnled  in  Id 
fonr-sided  pjramids.  Internal  bstre  ff^Sypearij;  ffne- 
tore  fidiated.  From  the  appearance  of  the  iDli%  Wm^ 
ner  gives  the  Aacwre  the  nanie  of  fmmkHftmAm  Tflw> 
parency  8.  Scratchea  glass,  and  strikea  firs  wiihsmli 
bnt  is  scratched  by  felspar,  ^lediic  gm^r^y  8»Mf9i 
The  powder  phosphoitesces  when  healied.  Befaslfcs 
Uow-pipe,  froths  and  melts  into  an  imperfecfly  iriite 
and  opaque  enamel. 

Sp.  6.  SpodumemX.  ,  , 
Triptam  oiUMioy. 
This  mineral,  which  has  been  fomid  in  the  aiae 
of  Uton  in  Sweden,  and  in  Norway,  waa  fintd^ 
scribed  by  Dandrada.  Colour  greenish  white,  m^ 
times  apple  green.  Massive.  Lnstre  of  the  prtndpd 
fracture  3  ;  of  the  cross  fracture  2,^  peady . 


•Dudrada.  |  Thnj  iil  lip  Bnuhii,i  jif 

JamoMMi,  tl  548. 
I  Hany,  vt.  407^Brocliim,  iL  jsS^ JaneiOB,  ii.  4oo. 


SroUUMEKE— rCHTHYOFHTHALMrTE.  293 

Aractnre  foliated  ;  cleavage  double,  the  folia  intersecting  Fc%»aic . 
obliquely  ;  cross  fracture  fine-grained  uneven.  Ac* 
cording  to  Hauy,  it  yields  by  mechanical  division  a 
rbomboidal  prism,  with  angles  of  100^  and  80^.  Frag* 
znents  sometimes  in  oblique  rhombs.  T^IC  massive  va- 
sitiet  exhibit  granular  distinct  concretions.  Traos- 
^ai^ncy  2*  Scratches  glass,  and  strikes  Hre  withsteeL 
Frangibility  6.  Specific  gravity  3*1923  to  3*21 8 ^, 
When  heated  in  a  crucible  it  spiitii  into  small  plates} 
tesmy  of  a  golden  yellow  colour,  like  some  varieties  of 
fluica;  others  are  dark  grey :  in  a  few  days  they  afl  lose 
their  lustre,  and  become  dark  greyf,  Mtlts  before 
cbe  blow-pipe  into  a  greyish  globule. 

Sp.  T-     IcbthjophtbalmiteX. 

jfpophyllite  of  Hauy. 

This  mineral  is  said  to  occur  in  Uton,  in  Suderma- 

Colour  yellowish,  reddish,  greyish,  and  greenish 

^vhite.     Occurs  massive,  and  crystallized  in  rhomboids 

which  deviate  very  little  from  cubes,  in  rectangular 

four- sided  tables  having  their  edges  truncated,  and  in 

thick  six-sided  tables.     External  lustre  of  the  crystals 

4,  and  they  arc  distinguished  by  a  characteristic  lustrej 

internal    4,   2,   pearly.       Principle    fracture   foliated, 

with  a  single  cleavage   parallel  to  the  lateral  faces  of 

the  table  ;  its  lustre  4.    Cross  fracture  finegrained  un. 

^▼en  I  lis  lustre  2.     Transparency  3  j  sometimes  2,  1# 

Seinihard.      Frangibility  3.      Specific  gravity   2*491* 

m       «  HsuT  simI  Dandn^ia.  \  Vanquelin,  Havj,  tv.  408. 

■        I  jAine^tw  «.  dct.    Kafstcn,  GehkoV  Jmr.  v.  35. 
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diflbrent  tpeciet  belonging  to  the  Mnper^  &aiiljy  »  fir 
a»  they- have  been  hitherto  aaelyaed  } 
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%  Fovrcroy  umI  Vauqncliii, 

e  Vau^uelin,  Hftuy,  ii.  591.       f  ChcccTix,  FM  7>ttph  tlei,  f^  u% 

t  Biniihcun,  KirwaD*i  Afimtrai  i.  315.  But  tbe  ipccimcB  VilfK^ 
teemt  to  belong  to  the  commoo  green  coloured  Siberian  Id^araOBl;^ 
hf  Vatt^elin  with  a  different  resiih. 

{  ChiOCTiz«  J*^il  Trams.  1801,  p.  334.     ««  VM^ufllfl^  HtOf/iLf^ 

ft  Alii%ard»  /»«r.  it  Fhyt.  lii.  33. 

41  Laagicr»  Anm,  du  Mmt.  D^HisU  A«t  X.  47*- 

{$  Vauqaelio,  Haoy.iT.  409. 

Ill  Rote,  Gehlen't  Jwr.  t.  44.  The  voluila  matter  wm  mi  fm% 
water.  It  had  a  peculiar  imeJl,  and  containe4  an  add.  The  imSf^rf 
Fourcroj  aod  Vio^uelin  corrctpondf  well  with  that  in  the  tahlcw 
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This  family  contains  seven  species  ;  not  reckohing 
two  miatralsy  which,  for  want  of  a  more  appropriate 
place,  may  be  put  under  iU  These  are  float-stone  and 
miaai*stone* 

Sf,  i.     Pure  Clay  ^ 

This  mineral,  which  has  been  found  on!y  at  Halle 
in  Saxony,  and  which  some  mineralogists  consider  as 
an  arttfictal  production,  obtained  by  decomposing  alum 
by  m^ns  of  lime,  occurs  in  small  kidney-form  pieces, 
J0imediate]y  under  the  soil  in  a  garden,  and  is  ofrea 
mixed  with  sulphate  of  Ume,  Colour  snow  white, 
sometimes  verging  on  yellowish  white.  Lustre  0. 
Fracture  very  fine  earthy.  Fragments  very  biunt* 
€dg€d.  Opaque.  Soils  very  little.  Hardness  4.  Li^bt. 
Feels  fine,  but  meagre. 

Sp.  2.  Porcelain  Earth  f . 
Kaoiin  of  the  Chiuese* 
Tliis  minetal,  from  the  situation  which  it  occupies 
ia  considered  as  analogous  to  felspar,  diHering  chiefly 
}o  the  state  of  aggregation*  Felspar  indeed  seems 
iometiines  to  be  converted  into  it  b^  exposure  to  the^ 
weather. 

Colour  reddish  white,  sometimes  inclining  to  yellow* 
till  aad  greyish  white.      Ma^^ve  and  disseminated. 


§Q9  0Toy£s. 

^Jj^XjJ-    Particles  fine  dotty.     Colours  strongly.      Slightly  co- 
'     hering.     Feels  fine,  but  meagre.      Scarcely  mdhcres  to 
the  tongue.     Specific  gravity  from  2*23  to  2*4.     Poei 
not  fuse /«r/f. 

Sf.  3.     Common  Qlay  *. 

Clay  is  a  mixture  of  alumina  and  silica  in  vartoas 
proportions*  The  alumina  is  in  the  state  of  an  impaU 
pable  powder  ;^but  the  silica  is  almost  always  in  sbuU 
grains,  large  enough  to  be  distinguished  by  the  eye. 
Clay,  therefore,  exhibits  the  character  of  alumina,  and 
npt  of  silica,  even  when  this  last  ingredient  prcdoai* 
nates.  The  particles  of  silica  are  already  combined  with 
each  other;  and  they  have  so  strong  an  aflinitj  for  each 
other,  that  few  bodies  can  separate  them  )  whereu  the 
iJumina,  not  being  combined,  readily  displaTS  the  cha- 
racters  which  distinguish  it  from  other  bodies.  Be- 
sides alumina  and  silica,  clay  often  contains  carbonate  of 
lime,  of  magnesia,  bar}  tes,  oxide  of  iron,  &€•  And  si 
clay  is  merely  a  mechanical  mixture,  the  proportion  of 
its  ingredients  is  exceedingly  various. 

Werner,  for  the  conveniency  of  description,  has  sak 
divided  common  clay  into  four  subspecies,  namely, 
ioam,  potter*!  chy^  variegated  ciay^  and  slaii  elay. 

Subspecies  1.  Loam.  This  may  be  considered  ua 
ytry  impure  potter's  clay,  mixed  with  mica  and  iroa 
ochre.  Colour  yellowish  grey,  often  spotted  ydlow 
and  brown.  Occurs  in  masses.  Lustre  0  |  sometimes 
J,  firom  scales  of  mica.  Fracture  m  %be  gnaif  uneven } 
in  the  small  fine  earthy.     Fragments  very  blunt-edgedt 


*  Ilirwan,  i.  i76.^Jaracton,  L  30:. 


Colours  a  little^  Betweeii  loose  anJ  cohering.  Ad* 
hcrcs  pretty  strongly  to  the  tongue.  Fech  slightly 
greasy.     Not  heavy. 

Suhtptciii  2,    Potttr*/  Clay.      This  minerdl^  which 
<}Ccars  b  great  abundance  tn  difTereot  countries,  is  used 
for  the  various  purposes  of  pottery.      Hence  the  name 
by  which  it  is  distinguished.     There  are  two  kinds  of 
iff  ivliich  Werner  describes  separately  ^  namelyi  com*- 
potter's  clay  and  pipe. clay. 
1.  Common    Potter's   Clay   occurs  In   large  rock 
t  and  in  beds.      Colours  yellowish  and  greyish 
'  white ;  greenish,  bluish,  and  smoke  grey.     Fracture  m 
the  griQt^  Coarse-grained   uneven  ;  in  the  smali^  pretty 
fine  earthy^    Fragments  blunt^edged*  Opaque.  Colours* 
ft  little.    Vtry  soft,  pa^iinginlo  loose.  Adheres  strong- 
ly   to   the   tongue.      Feels   a   Uttle   greasy.      Rather 
light. 

There  is  a  variety  of  potter's  clay  which  Werner 
distinguishes  by  the  name  of  iiaty.  Colour  dark  ash 
grey.  Principle  fracture  imperfect  conchoidal  ;  cross 
fracture  earthy.  Fragments  tabular.  Rather  light, 
and  feels  more  greasy  than  common  potter's  clay  ;  in 
other  particulars  it  agrees  with  it. 

2-  Pipe-Clay*  Colour  greyish  while,  passing  into 
yellowish  white.  Massive.  Lustre  1.  Fracture  in 
tht  great,  coarse  or  fine-grained  uneven  ^  in  the  imaff, 
fine  earthy.  Fragments  sharp-t-dgcd.  Lustre  of  the 
atreak/3.  Between  loose  and  cohering.  Adheres  pretty 
strongly  to  the  tongue.  Feels  rather  greasy.  Frmngi- 
bility  4^     Rather  light  *. 
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SubspieietS.  Variegated  Clay.  This  miaera)  is  found 
in  Upper  Lusatia.  Colours  white,  red,  and  jellow, 
nvhich  appear  in  stripes  and  spots.  Massive.  Fractnre 
earthy  \  sometimes  tending  to  slatjr.  Lustre  in  the  first 
case  0,  in  the  second  1.  Lustre  of  the  stteak  3.  Verf 
soft»  passing  into  friable.  Feels  a  little  greasy.  Ad- 
heres a  little  to  the  tongue.     Sectile.    Light  *• 

Subspecies  4.  Slate  Clay.  This  mineral  occmi  fre- 
quently along  with  coal,  and  inthe  floetz  trapfbnnation. 
Colour  smoke,  yellowish,  arid  ash  grey ;  greyish  Ustk. 
Massive.  Lustre  0 ;  sometimes  1,  ftom  pmrtieles  of 
mica  intermixed.  Fracture  slaty  ;  sometimes  approacboi 
earthy.  Fragments  tabular.  Opaque,  Soft.  Sectik. 
]^rangibility  4*  Specific  gravity,  according  to  I(irwm^ 
from  2'0  to  2*68.  Adheres  slightly  to  the  tongoe. 
Softens  and  breaks  to  pieces  in  water  f, 

Sp.  4.     Clay-StoneX, 

This  mineral  occurs  in  considerable  quantities  oa' As 
top  of  several  of  the  Fentland  hills,  in  the  neighboor* 
hood  of  Edinburgh,  and  likewise  in  other  parts  of  Scot- 
land, and  in  Germany. 

Colours  greenish,  bluish,  ash,  smoke,  and-  pearl 
grey  ;  brownish  redi  Sometime!  spotted  or  striped. 
Massive.  Lustre  0.  Fracture  usually  fine' earthy; 
sometimes  passing  into  fine-grained  uneven,  into  slaty, 
and  into  splintery.  Fragments  seldom  tabular,  not 
sharp-edged.  Opaque.  Soft.  Frangibilit^  4*'  Does 
not  adhere  to  the  tongue.     Feels  rather  meagre.  • 


*  J.imcsou,  \  30S,  f  Ibid.  p.  jxa.  }  Ibid  p.  310. 
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Spf  5»  Adhfsivi  Slate  *, 
KUhtchiefer  of  Werner, 
Tbis  miacTaJ  occurs  at  Menil  MonUgney  near  Pans^ 
and  has  been  by  mo&t  muicralogibU  confounded  w  ith 
the  next  spcdett  It  it  found  in  beds.  Colour  lig^bt 
jellowi&h  grey,  inclining  to  greenish.  Internal  Jtiitre 
(L  Fracture  jn  ihi  iargt^  slatj  \  in  tht  tmali^  fine 
emhy.  Fr;igtnents&btj.  Opaque.  Lostre^of  streak 
3.  Secttlt.  Very  soft.  Frangibility  4*  Exfoliates 
emajly.  Adheres  stronrgly  ro  the  tongue.  Specific  gra- 
nitj  as  aacertttoed  by  Klapfolh,  2*0S0.  Absorbs  vra- 
tet  With  avidity^  air  bubbles  sepanttiag^  with  a.  cracji. 
lin^  ooiaeto 

Sp.  6.     PolUhing  Slate  t- 

This  mifieral  occurs  neat  pseudo  volcairoci,  and  is 
supposed  by  Werner  to  be  composed  of  the  asbes  o6 
pit*coa1,  washed  down  and  regularly  deposited.  Hi-* 
tberto  it  has  been  found  only  in  Bohemia.  Colour  yel. 
lowish  gf^>  approaching  cream  yellow  and  yellowish 
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^ICbproch,  ii  17a— Jiincto«,  iK  jjO»^BroduBi*  i  iT^^-^HtHf , 

f  Thcic  It  t  mineral  (Sc9crilKd  b]r  Haberlc  and  analjscd  b^*  Buch  itlz 
I  efidcr  tKe  fiamc  ol  Sau^utu/er,  imihttf  A^*^  GchlcnV  y^trr.  Second  S^ 
I  fie*,  il.  31.  It  dilTcrt  veiy  mucb  from  ailh^ive  »liiLe,  Uoth  in  iti  prof^cr- 
i  «0O)potition.  But  tt  »  dif!icu1e  fo  siy.  v^khout  a  more  dctuhd 
\  than  HAberk  Kaa  givro»  i^btrlur  if  4Aigiu  to  oooftuuce  a  pftr> 
ticular  *pecief,  or  be  only  a  vai-Ictj  of  *omc  »prcie»  z^lrcadf  kuown.  It 
Is  found  in  the  ncwc«t  floetiurockft.  Hsbcrk  dmd<a  it  into  tiro  vark- 
tkt;  the  first  is  loft  enuugti  to  yield  to  tbe  oail  of  the  finger,  the  sccoiid 
|kard  enough  to  scratch  glaw-  It  it  compu^tl  tinrly*  of  9  pww  itlica  ai^ 
I  part|«ratcr,  yiddttig  tfm^c9«f  skuuci,  Ilnic,  rtsrd  tttide  gf  iion. 


^  MO  STOVES. 

white.  AIwiTS  striped,  and  the  colours  alternate  ia 
layers.  Massive.  Lustre  0.  Principal  frmcture  shu 
ty ;  cross  fracture  earth j.  Fragments  nsnallj  tabular. 
Very  soft.  Adheres  to  the  tongue.  Feels  line,  hot 
meagre.  Rather  light.  Specific  gravity*  before  it  im- 
bibes water,  only  from  0-590  to  0*000.  After  it  his 
imbibed  water,  its  specific  gravity  becomes  from  1*009 
to  1*011  *• 

Sp.  7.     Trifotii. 

This  mineral  occurs  in  veins  and  beds  along  with 
coal,  and  in  floetz  trap  rocks.  Colour  yeUowiah  grej, 
which  passes  into  ash  grey.  Massive.  Internal  lustre 
0.  Fracture  pretty  coarse  eartliy.  Fragments  Mont* 
edged.  Very  soft.  Feels  meagre  and  rough.  Does 
not  adhere  to  the  tongue.  Specific  gravity  from  2'06i 
10  2*520.     Used  for  polishing. 

^.8.     Float'StontX* 

This  mineral  has  hitherto  been  found  only  at  St  0- 
mer,  near  Paris.  Colour  light  yellowish  grey,  which 
inclines  to  yellowish  and  greyish  white.  Occurs  tube, 
sose,  and  is  porous.  Lustre  0.  Fracture  earthy.  Frsg- 
ments  blunt-edged.  Very  soft.  Rather  brittle.  Feels 
xongh,  and  emits  a  creaking  sound.     Very  light. 

Sp.  Q.     Alum- Stone  $. 
This  mineral  occurs  at  Tolfa,  near  Rome,  where  it  is 


•  Habcfle,  Cchkn*i  Jput,  Secimd  Series,  ii.  19. 
t  Kirwaii,  i.  ao».— Brochant,  i.  379.— Jameton,  i.  317. 
X  Jameson,  ii.  551.  }  Biochant, ;.  jKl.— Jimooo,  1.319.— K)^ 

frofb,  Gchlen%  Jovr.  vt.  35.^037 -I  ntuc,  Attn,  4e  C^m.  Vt.  2M. 
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said  to  constitute  a  bill.     From  it  the  famous  Roman 
alum  is  made. 

Colour  greyish  white,  sometimes  light  yellowish 
grey*  Massive.  Lustre  0»  aod  sometimes  (scarcely) 
!•  Fracture  unereo,  approaching  to  fine  earthy.  Frag- 
meuts  blunt-edged.  Raihcr  bird.  Does  not  adhere 
Co  the  tongue.     Rather  heavy. 

The  following  Table  exhibits  the  constituents  of  the 
different  species  belonging  to  the  clay  family,  as  far  as 
they  have  been  hitherto  ascertained. 
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ALOM-VlAXe* 


5^,  1.     Aium^Sian^. 


Xin.    Clay-Slate  Family. 

This  family,  Itkc  the  preceding,  consists  rather  of 
Qj^al^  the  conatiu^aa  of  iwkich  are  loecliaaicalljr 
m^  than  cbemicallj  combined  ;  but  in  it  the  comlbU 
|m  h  morie  iptiimte,  ai>d^  a»  wp  a4y^Qce»  faeccMies 
ittr  tod  iiearc^  th^  f^te  of  cfieiiucal  unioa*  It  com« 
^epds  five  specter;  numely,  nfum^slatt^  hkmmmms 

This  mineral  occnrs  in  beds  and  strata  in  the  newest 
7*slau,^l>^  fn  traoMtioc  mouotams*  Werner  divides 
into  two  sybspecfes,  $J^^  fomfms^  aod  the  g^^^y^  dis* 
guished  chiefly  by  thctr  )imr^* 
Sfdhj>m(s  t.  Commom  jilym*5ht»*  Thfs  loioeral 
;urs  massive,  and  soirtetiiaei  in  balls*  Colour  be. 
K)  greyf^|i  an4  blui&h  black»  f^JUn^  ttrongiy  into 
^f  lntern«l  lu&tre  i,  Fra^we  petrfrct  itraigfat  ala«> 
Fragments  tabular*  l^uins  its  colour  io  the 
cdk  y  beponaes  a  littlp  shming.  Soft.  Not  particu. 
)j  b^tlkf  Fr^gil^iliiy  4*  Wh^  ccposed  to  the 
V  efflorctces  and  a^c^uires  an  alankinous  taste. 
Subipeciej  2.  G/ojjy  Alvm-Slati,  Massive.  Colout 
tween  blaish  and  iron  black.  In  the  rents  exhibita 
lours  resembling  tempered  steel  aod  the  peacock's 
jit  Lusue  of  the  principal  fracture  3»  and  semime^ 
lie  \  of  the  f  rof  s  fracture  | ,  Fracture  partly  straight^ 
irtly  wave  slaty.    Fragments  tabular,  often  running 
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Booknr.    into  wedge-shaped.     la  other  respects  resembles  the 
*  ■  ^     ,1   former  subspecies. 

Sp.  2.     Bitumntms  Sbale  *• 

I  '    This  mineral,  which  occurs  along  with  coal,  seems 

to  be  a  mixture  of  clay  and  bitumen*  Massive.  Colour 
brownish  black.  Internal  lustre  1.  Fracture  perfect 
straight  slaty.  Fragments  tabular.  Colour  of  streak 
not  altered,  but  lustre  3.  Very  soft.  Rather  sectile. 
Feels  greasy.  Frangibility  4.  When  laid  on  buniiiig 
coals,  it  emits  a  pale  flame  and  bums  white. 

Sp.  3.     Drawing-Slate,  or  Black  CbaU\. 

'  This  mineral  occurs  in  the  primitive  monntains,  sod 
is  usually  accompanied  by  alum-slate.  It  is  emplojed 
in  drawing  ;  hence  the  name. 

Colour  greyish  black,  sometimes  approaching  to  Un- 
ish  black.  Massive.  Lustre  of  the  principal  fractme 
1 ;  of  the  cross  fracture  0.  Principal  fracture  datj; 
cross  fracture  fine  earthy.  Fragments  usually  tabular. 
Opaque.  Stains  paper  black.  Colour  of  streak  un- 
changed}  its  lustre  2 .  Soft.  Sectile.  Frangibility  4. 
Feels  meagre,  but  fine.  Specific  gravity  2*144  to  S*1T. 
Bums  red.     Does  not  fall  to  pieces  in  water. 

5/.  4.     Wbet  slate  %. 
Novaculite  of  Kirwan. 
-  This  mineral  is  found  in  Germany,  and  on  the  Le« 
vanti  from  which  iti!»  brought  under  the  nanoe  of  Tur* 
kfy  bone  stone. 


♦  Kirwan,  i.  183  — Brochant,  i.  jSy.—Jamcioo,  i.  345. 
\  Kirwan,  i.  1 1 «.— Brvchaot,  i.  391. — Jameion,  i.  jiS. 
r  Kirn-in,  i.  238.— Brochaot,  i.  J93.-^JiinetoD,  i.  331. 


^ 
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Common  colour  greenJ&h  grey  j  but  it  occurs  also    *^V^*e 
liiountain^  a?&parilgt]Sy   olive^  mnd  oil  giren.     Massive*         -  g    ■/ 
Internal  lustre  1^  0.     Fracture  iti  the  inrge,   Uaty ;  in 
tie  €maQ^  splintery.     Fngments   tabular.     Tnuispa- 
rencj  k     Scnutiard.     Feels  rather   greasy*     Specific 
ffiviij  2*122. 

Sp.  5-     Clay^Siate  *, 

Argillacitius  schutus — ArgiUiu  of  Klrwan. 

Tliis  miueral  is  very  uidely  diftributcd«  constituting 
f  %  part  both  of  primitive  and  transition  tnoun^ias.     Co- 
lours yellowish,  bluish,  greenish,  smoke^  a^h,  and  pearl 
>grcy;  blackish  green  ^  grtyish  black  ;  brownish  red; 
Somctiates  spoUtrd.     Massive.     InternaUustte  2^  3j  ]« 
^  fCsiiiou$»  approaching  to  pearly.    Fracture  more  or  less 
slat  J  ;  in  &ome'^arietic;s  approaching  foliated,  in  others 
cocopacl.     Fragmcnift  tabular^  and  likewise  spliutery. 
Streak  usually  greyish  white*     Opaque.     Soft*     Sec- 
tik*     Sometimes  fetls  a  Utile  greasy.     Fraogibility  4. 
Specific  gravity  from  2^97  to  a*88. 

We  are  ndt   posse ssrt!  of  acciarate  analyses  of  any  of 
tbe  minerals  bclon^1ng  to  k\\\%  fi»mlly,  except  drawing- 
h<lM€^  which  tccording  to  Wieglcb  is  composed  of 

Silica.., , 64*50 

Alumma 1 1-25  ^ok 

Charcoal ^'4  *,lt*CO 

Oxide  of  iron *•...   2'15 

Water T50 

Loss , 3-00 

100-00  f 


•  K'lrwao,  h  1J4.— Brochwit,  i.  J9|«— Jimesofi,  1.  334. 
f  Ciell'i  ^W*,  1797,  »»*  4^7' 
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,^^211!:  XIV.    MioaFamilt. 

This  familj  consists  of  five  species  ^  tuunely,  ifiJ»» 
Ute,  mica,  pittite,  pot^tone,  and  cbbrit§. 

Sp.  1.     ZepUoliie*. 

lliis  stone  appears  to  have  been  first  observed  by 
the  Abb^  Poda,  and  to  have  been  first  described  by  De 
Born  f .  Hitherto  it  has  been  found  onlj-  at  Roseaain 
Moravia,  where  it  occurs  in  gneiss,  and  Suderoumia  in 
Sweden  t,  where  it  is  mixed  with  quartz  ;  unless  tke 
mineral  analysed  bj  Troramsdorf,  under  the  name  of 
white  lepidoiite^  should  belong  to  this  species  j. 

Colour  peach  blossom  red,  verging  on  like  hhe; 
passes  into  pearl  and  yellowish  grey.  Massive.  In. 
temal  lustre  2,  3.  Fracture  in  the  small  foliated,  ii 
the  great  splintery.  Fragments  blunt^edged.  Tramps 
rency  2.  Sectile.  Hardness  4  to  5.  Not  easily  pnL 
verized  ||.  Specific  gravity  from  2'8ia  to  2*8549  f. 
Powder  white  with  a  tint  of  red  ||.  Before  the  bbw- 
pipe  froths  and  melts  easily  into  a  white  semitransp^ 
rent  enamel  full  of  cells.  Dissolves  in  borax  with  A 
fervescence,  but  communicates  no  colour  |[  •  Effervesces 
slightly  with  soda,  and  melts  into  a  mass  spotted  with 
red  ;  with  microcosmic  salt  into  a  pearl-coloured  glo- 
bule **. 


•  Kirwan,  i.  ao8. — Klaproth,  tieitrage,  i.  279,  and  u.  19L— Bro* 
chaiitji.  399— Hauy,  xw.  375  — Jamcion, i.  338.— Lelkvre, /w. de  Mm. 
No.  IL  211. 

t  Crcir*  Aimals,  1791,  iL  196.  }  Ha»y. 

§  Gchlcn'f  J^yr.  i.  383.  R  Lelierrc,  /•mr.  de  Mim.  Ko.  U.  n^ 

^  KUproth  and  Hnuy.  ••  Klaproth,  Afin,  de  Ckim.  nu.  37. 
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This  mineral  was  firit  called  filaiite,  from  die  resetn^ 
Umce  of  its  colour  to  that  of  the  lily.  Klaproth,  who 
■scertaioed  its  composition,  gave  it  the  name  of  i^ido^ 
Miif  or  McaJs^jtom^  from  its  structure. 

Sf.  2>     Mica  •* 

This  stone  ToriDS  an  essential  part  of  manj  foonn- 
tains,  and  has  been  long  known  under  the  names  oi gia* 
cus  rnaria  znd  Muscovy  glass »  It  consists  of  a  great 
xiomber  of  thtn  laniinae  adhering  to  each  other,  some- 
times of  a  very  large  si^e.  Specimens  have  beea  found 
to  Siberia  nearly  2^  yards  square  f, 

II  If  sometimes  crystallited  t  Its  primittire  form  is  a 
rectangular  prism,  whose  bases  are  rhomhs»  with  angles 
of  120^  and  60^  :  Its  integrant  molecule  has  the  same 
form.  Sometimes  it  occurs  in  rectangular  prisms,  whose 
bases  also  are  rectangles^  and  sometimes  io  short  six- 
rided  prisms  ;  but  it  is  much  more  frequently  in  plates 
or  scales  of  no  determinate  figure  or  siic  $. 

Colours  yellowish^  ash>  and  greenish  grey  ;  black* 
ish  green  ;  silver  white  ;  pinchbeck  brown  ;  brownish 
black.  Lustre  of  the  crystals  4.  Internal  lustre  3,  4  i 
usually  pearly  or  t^&inous ;  sometimes  semimetsllic. 
Fracture  perfect  foliated,  with  a  single  deavage  \  somo* 
times  radiated*  Fragments  usually  tabular.  The  fo^ 
liated  varieties  occur  in  granuUr  distinct  concretions, 
the   radiated    in     wedge-shaped    distinct    concretions. 


•  KirwiD,  i.  sio-^Gmelm,  Nm,  CMt.  Fsfr^oi.  aii.  J49*— Hutf,  iii* 
^l08. — Drochantr  i.  401. — Jamcsoo,  i.  341. 

f  Hfj/*  Gi^rr^ldt  f^^^^gtt^  t*  iviii.  a;s,  quoted  by  Hauy,  /firr.  *  M^f 
flop  ziriii.  199. 

I   Hasf,  J9ur,  da  Mim,  Ho*  tiflii.  296* 

U  2 


SOS  STONES. 

^^^L     Transparency  of  the  thin  plates  4.     Hardness  6.  Very 
li     ^  toagh.     The  lamellae  flexible,  and  somewhat'  elastic. 

Often  absorbs  water.  Specific  gravity  from  2'654<i  to 
2*9342.  Feels  smooth,  but  not  greasy.  Powder  feds 
greasy.  Mica  is  fusible  by  the  blow-pipe  into  a  white, 
grey,  green,  or  black  enamel ;  and  this  last  is  attracted 
by  the  magnet  *.  Spanish  wax  rubbed  by  it  becomes 
negatively  electric  t- 

Sfi.  S.     Finite  t^ 
Micarell  of  Kirwan. 

This  mineral  has  been  hitherto  found  only  in  the 
mine  called  Pini,  at  Schnecberg  in  Saxony  j  hence  its 
name. 

Colour  blackish  grey  \  but  often  covered  with  iroa 
ochre  on  the  surface.  Almost  always  crystallized  ia 
six-sided  prisms,  having  their  lateral  edges  and  angles 
truncated.  Surface  of  the  crystals  smooth.  Intenul 
lustre  2,  resinous  \  longitudinal  fracture  small-graioed 
uneven  ;  cross  fracture  imperfect  foliated.  Fragments 
sometimes  blunt-edged.  Transparency!.  Hardness  6. 
Sectile.  Frangibility  4.  Specific  gravity  2'9S0  J.  At 
153®  Wcdgewood,  melts  into  a  black  compact  glass 
with  a  reddish  surface  || .  Infusible  before  the  blow* 
pipe. 

Sp,  4.     Pct^stone^. 
This  mineral  is  found  in  beds  at  Como,  in  the  conn- 


«  Hauy,  Jour,  de  Min.  No.  xxviii.  p.  195.    Bergman,  howereTi  tm£. 
pure  mica  Infusiblc/rr  te.  f  Ibid. 

\  Kirwan,  i.  21  a. — Brochant,  i.  456. — Jame»on,  ii*  55s. 
'^       §  Kirwan.  il  Kirwan,  ilfwro/.  i.  11  a. 

i  Kirwan,  i.  155.— Brochant,  i.  <05.^JaiDeio%  i.  34J. 


^  CHLORITE. 

y  of  the  Grisons.     It  is  said  also  to  have  been  dts- 

ivered  in  other  places. 

Colour  greenish  grej.     Massive.     Internal  luslre  z, 
>rlj.     Fracture  sometimes  curve^^foUatedi  someumes 
MH perfect  ftlaty.      Fragments  tabular.      The  foliated 

Dows  imperfect  granular  distinct  coBCXctionS'     Trans* 
lau^ncy  l,  u.     Hardness  4  to  o.  Sect  tie.  Feels  greasj. 

mngibility  6.     Very   refractory ,   and  therefore  used 

>r  lining^  furnaces.     May  be  easily  turned  inlo  cull* 
HKj  utensils  \  hence  the  nam<?. 

Sp.  5.      Chhriit  ♦. 

This  mineral  occurs  abundantly  in  primitive  rocki 
d  the  older  vcms#     Werner  has  divided  it  into  four 

iibspccies. 
Suhspicuf  1.   Chlorite  Earth.    This  mineral  is  found 
difterent  parts  of  Germany  and  Switzerland,  chiefly 
clay- state.     Colour  between  mountain  and  blackish 

[reen.     Composed  of  small  scales.     Lnstic  l,  pearly. 

ireak  mountain  green  and  shining.     Adheres  strongly 
the  skin*     Feels  rather  greasy^     Rather  light.      It 
ars  a  strong  resemblance  to  green  earth. 
Subifi^cUt  2-   Common  Chlorite,     Found  in  different 
trti  of  Saxony.     Colour  blackish  green«     Ma$si%'e. 

titernai  lustre    1,  2*     Fracture   foliated,   passing   into 
rtby.     Fragments  blunt-edged.    Colour  of  the  streak 

ighter  green.     Hardness  5.    Opaque.    Sectile.     Feels 

aiher  greasy.     Frangibility  4. 
Suhipedes  3*   Chlorite  Slate,     Occurs  in  beds  subor- 

iaate  to  clay-slate.     Colour  blackish   precD.     Mas* 


Mka 

Family. 


»  Kinraii,  i.  137.— Brocbant,!.  40S.— Junetun,  j«  ^47* 


Book  m .    sive*    Interntl  hittrc  2.  rcstnont.    Fneture  curve  tit* 

laaiT^^LJ/   ty  ;  those  varieties  that  have  the  greatest  lustre  pass  ia* 

to  scaly  foliated.     Double  cleavage^    Fragments  slaty. 

Opaque.     Streak  mountain  green.     Sectile.    Feels  tu 

thcr  greasy.     Heavier  than  common  chlorite* 

Subspeciis  ^.  FMated  ChUriiem  Hitherto  fouod  oolj 
at  St  Gothard  in  Switzerland,  and  in  the  island  of  js- 
Ta*.  Colour  between  mountain  and  blackish  greca« 
Massive ;  but  usually  crystallized  in  sisusided  taUc% 
cylinders  terminated  by  two  cones,  and  in  double  cooes 
with  the  bases  joined.  Surface  streaked.  Exterad 
lustre  2 ;  internal  9,  pearly.  Fracture  foliated.  Clea- 
vage simple.  Fragments  tabular.  Transparency  1, 0. 
Soft.  Sectile.  Folia  usually  flexible.  Feels  ratber 
greasy.     Frangibility  4.     Streak  light-coloured. 

The  following  Table  exhibits  the  constituents  of  the 
preceding  species,  as  far  as  they  have  been  hitherto  ss- 
certained. 


a  Jamnoo't  MmirmUgj  rfthi  SsMib  hUs, 


IftCA* 


9il 


- 

8 

!- 

—  •*  vv  ^it  -- 

"  6 

2 

- 

0             ^ 

- 

0 
o 

•ajiUTji 

« 
• 

& 

3 

ft 

w* 

*0 

8 
8 
8 

-*  ! 

«»>*• 

It 

if 

••Hi 

6      •^ 

** 

^».          -     -         -- 

«•- 

3;8     " 

1 

I 

•          ' 

8 

i  ll 

.sill'? 

^       5    u 

?  iJ 

Mica 
Family, 


ConidtQ' 
caCL 


Klaftv^t  BfitrMgt,  u,  195-      f  Vauqarim,  /•*#-.  Jg  Mh.  No.  li.  1^5. 

Vtttqtidiii>  Jmr.  dt  PLyi,  liL  545 '    The  ixuncrd  at}ilr««d  b  c«Ued 
iitwiiU  i  but  it  ieem«  to  b«  die  uinc  in  iu  cMutriiienu  ■«  kpidolite, 

TromiMdarf,  GehJcn^  I  383.    Thit  t«  dcicribea  a«  a  white  icpido- 

«fi4  tccins  er>  Vc  (he  tame  miner;il  a*  Vau^uelin'*  white  chJoriee. 

ChenevuK.  Ahh,  dt  Clim.  %xm\L  10a.    It  it  caUcd  i^c  hy  Chencvity 
|l  WW  obviouil]r  mua^    KiafTQxh  has  iatfly  anajyied  tmtm^  ami  fouod  ft 
MQUin  f6/k^r  ^-a/ .  of  fiocaih.    14khal«OD'«  /a«r  sini*  ijSi 
I  Vtfuquelaii,  Hauy«  Hi.  tlO.  •■  Kkprtitht  £«i«n^#,  it  %%j. 

If  Vraquc1in»  Hiuy»  iii.  366.     Uoder  the  |>i>ci»h  it  tocJudcd  a  Uttk 
idatic  &ttd.  1}  Vauquelin,  Ibid.  p.  164. 

}  Hopncr.  Croirt  ^imm/'»  i  790.  i.  5$.  |  g  Lampadiu^  Hnt^m^ 


dl2  ITONEb. 

Bo«)k  IK. 
Ch4p.  II. 

^      '    -  XV.     Trap  Family. 

The  species  belonging  to  this  family  are  six  in  num- 
ber ;  namely,  diaspore^  hornhlendej  hara/t,  wacte^%lM' 
stoncy  and  iron-clay,  Lavii  may  be  likewise  referred  to 
ity  as  it  is  formed  by  the  action  of  fire  on  rocks  chiefly 
belonging  to  tliis  family. 

Sp,  \.     Diaspore*. 

This  mineral  was  first  noticed  by  Lelievrr,  «nd  de- 
scribed by  Haiiy.  Nothing  is  known  cx>nccrning  the 
part  of*  France  vherc  it  wrs  found.  Its  colour  is  grey. 
It  occurs  in  masses  composed  of  plates  slightly  curved, 
and  easily  separable  from  each  oiher.  Lustre  con>ide. 
rabU',  pearly.  Divisible  into  plates  in  aii other  (iiiectioi., 
forming  with  the  first  an  Hni;(e  of  130^.  Scraichei 
gluss.  Before  the  flame  of  a  candle  decrepilates  and 
disperses  in  small  pieces  \.     Specific  gravity  3'43J4. 

Sp.  2,     Ilurnhlcndv  %, 

AmphihoU  of  Hauy. 

This  minersj  enters   into  the  composition  of  man? 

mountains.     It  is  often  amurphous,  but  frequently  also 

crystallized.     The  primitive  form  of  its  crystals  is  a 

ihomboidal  prism,  the  faces  of  which   are  inclined  at 


zur  (Ihemlichen  An.ihten  der  Minrrel  Ktrftrr^  p.  II9.  The  gmt  <IMtf- 
rticcs  in  the  analy«cs  oi  chlfifitni  render  it  doulxiul  how  fur  the  minenb 
cxarniiictj  havclvcn  rcjl  chlonrcr.s. 

•  Haiiy'j*  iV/w^f  j/6'^'/.',  iv.  '^^X.— Brochani*«  Alifrersl gftf  u  50?.— 
^'.r.'j<i(.liri,  Akm.  Je  CLim.  xlii.  il.^. 

t  Hn.c  ihf  r-rnc  j^iviMi  tf  it  hy  Hauy. 

:  'Ca\v;'.r,  i.  2%i — IJ-i.y.  iii.  j'< Lrochant,  i.  415.— Jjmeien,i.j;;6. 


H011KBL£NJ>£. 

angles  of  124**  34'  und  55^  26',  and  whose  bases  hare 
angles  of  122*'  56  and  51**  4'-  .  The  most  common  va- 
riety is  a  six-sfdcd  prism,  terminated  by  trihedral  or  le- 
trahedral  summits*  Werner  divides  it  into  four  sub- 
species •' 

Subspecies  1.  Cowmon  Hcrnhlcnde.  This  mineral 
forms  one  of  the  constitiicntsof  the  rocks  calJed  syenite 
«nd  green  stone.  Colour  greenish  black|  sometimes 
approiching  to  grey  and  velvet  black  ;  sometimes  to 
greenish  grey.  Massive,  and  sometimes  crystallised 
in  prisms  which  intersect  each  other,  so  that  it  is  difH- 
cott  to  determine  their  figure.  Internal  lustre  3»  4, 
pearly*  Fracture  usually  foliated,  sometimes  radiated. 
Surface  of  the  fracture  siteaked  longitudinally.  Clea- 
vage of  the  foliated  varieties  double.  Fragments 
usuatiy  indeterminate  ;  sometimes  approach  the  rhoro- 
boidal.  In  granular  distinct  concrttions.  Transpa- 
reocy  of  the  black  0,  of  the  green  i.  Streak  mountain 
Ifreen,  Hardness  8  to  6»  Frangibility  1.  Specific 
gravity  :i-tj  to  3'8S.  When  moi'itened,  exhalesa  bitter 
smell.    Before  the  blow- pipe  melts  into  a  black  glass. 

Suhspcciii  2.  'Lahradore  Hornh!cnde>  This  mineral 
is  found  in  the  island  of  St  Paul,  on  the  coast  of  Labra* 
dore.  Colour  brownish  black,  greenish  black,  copper 
red,  and  greyish  black.  Massive  and  in  rolled  pieces. 
Imemal  lustre  from  I  to  S,  scmimctalUc*  Fracture  fo- 
liated. Cleavage  double.  Fragments  sometimes  rhom* 
botdaL  In  lamellar  distinct  concretions.  Opaque. 
Hardness  7.     Frangibility  4.     Specific  gravity  3'3S57. 

Subspedei  3-  jHornlfieftde-S/aie^  Occurs  in  beds  ia 
clay* slate,  and  ts  very  common.  Colour  between  green- 
ish and  raven  black.  Massive.  Internal  lustre  3,  i', 
|)early.     Fracmrc  in  the  great,  slaty  i  in   tbe  small. 
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Book  Iir.     promiscuous  radiated.     Fragments  sometioies  tabular. 

\i  u  mLt  Streak  greeoish  grey.  Hardness  6.  Frangibility  3. 
Subspecies  4.  Basaltic  Hornblende.  Found  imbedded 
in  basalt  and  wacke.  Colour  velvet  black.  Always 
in  single  crybtals.  The  form  of  the  crystals  is  that  dc- 
scribed  under  the  general  character  of  the  species  ;  for 
the  amphibole  of  Hauy  refers  particularly  to  this  sob- 
species.  Surface  smooth.  Lustre  of  the  principal  frac- 
ture 4 ;  of  the  cross  fracture  2,  vitreous.  Principal 
fracture  perfect  straight  foliated,  with  a  double  oblique- 
ly intersecting  cleavage.  Cross  fracture  fine-grained 
uneven.  Opaque.  Hardness  7.  Pretty  brittle.  Frsii« 
gibility  4.  Specific  grevity  3*250  *•  Melts  into  a 
black  glass,  but  is  moro  refractory  than  common  horn- 
blende. 

Sp.  3.     Basalt  \. 

This  mineralisconfiiied  to  the  floetztrapformationi  but 
occurs  abundantly  in  almost  every  country,  and  in  none  it 
it  more  common  than  in  Scotland.  Colours  greyish  black; 
ash  grey,  inclining  to  brown  ;  sometimes  nearly  raven 
black.  Massive.  I ntemallustre  commonly  O  ;  some- 
times  1,  from  foreign  particles.  Fracture  usually  coarse- 
grained uneven  \  sometimes  imperfect  large  concboi* 
dal  and  fine  splintery.  Fragments  not  sharp-edged. 
Mostly  in  columnar  distinct  concretions  of  various  siaes» 
sometimes  in  globular  distinct  concretions  ;  sometimes 
tabular.  Transparency  usually  0;  sometimes  1.  Streak 
light  ash  grey.  Hardness  S^u.  Brittle.  Frangibility 
1.  Specific  gravity  from  2*8()4  to  3*po.  Melts  before 
the  blow -pipe  into  an  opaque  black  glass. 


•  Ha-iy.        \  Kiiwan,  1.^51.— Brticham,  i  430^— JimcMS,  ijfij 


WACKE— CLINK.STOKE* 


IVacke ' 


This  speciesi  like  the  precedingi  is  coofincd  to  the 
floeti  trap  formationi  and  occurs  In  beds  aod  veins.  It 
cooslitutes  the  ba^s  of  amygdaJoid* 

Colour  greetu»h  grej  ot  various  degrees  of  inteo&ity. 
Massive  and  vesicular.  Lustre  0,  or  scarcely  It  Frac« 
tore  even  ;  sometimes  imperfect  flat  coochoidal,  some- 
times uneven  and  earthy.  Fragments*  hluol^edged. 
Never  JQ  distinct  concretions*  Opaque*  Lusti^  of 
ifie&k  S.  Sectile,  Soft.  Frangibiiity  4*  Specific gra* 
irtty  2*595  to  2-893*     Melts  like  basalt. 

Sp.  5*     CHfik*  Stone  \^ 

This  mineral,  like  the  preceding,  belongs  to  the  floetz 
trap  formation,  and  is  common  in  Germany,  Scot- 
land, &c. 

Colour  dark  greenish  gtey,  sometimes  passing  into 
yellowish  and  ash  greyi  Massive.  Lustre  of  the  cross 
fracture  J,  u  ^  of  the  principal  fracture  l,  2.  Cross 
fracture  splintery  ;  passing  into  conchoidal  and  «ven  i 
principal  fracture  slaty.  Fragments  mostly  sharp-edged, 
sometimes  tabular.  In  irregular  columnar  and  tabular 
distinct  concretions.  Transparency  1.  Hardness  7  to 
d.  Brittle.  Fraogibility  4.  Specific  gravity  2'bl5 1» 
When  struck  with  a  hammer  sounds  like  a  piece  of 
mctai.     Melts  easily,  and  gives  a  glass  nearly  colour- 

^^1  Sp.  6.     Iron  Clay^. 

I  This  mineral  likewise  belongs  to  floetz  trap  forma- 

Li 


•  Ktrwviii  i.  saj  — BfocJiant,  i.  434^— janieioo,  u  376. 
f  Brochant,  u  4j7,^Klafrrod&,  iit.  129. — JftTnciaii»  i.  380. 
I  Kbproth.  \  JaoHioB,  ii.  603. 
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tion,  and  seems  till  lately  to  have  been  confounded 
with  wacke.  It  was  named  by  Werner  from  the  great 
proportion  of  peroxide  of  iron  which  it  contains. 

Colour  brownish  red  ;  somctinies  approaching  red- 
dish brown  and  blood  red.      AUnost  always  contains 
•vesicles.      Internal  lu&tre  0.      Fracture  fine  earthy; 
sometimes  inclining  to  conchoidal.     Soft.     Frangibili- 
ty  3.     Moderately  heavy. 


Contri- 

tUCDU. 


The  following  Table  exhibits  the  constituents  of  the 
'  preceding  species,  as  far  as  they  have  been  ascertaiAtd 
by  analysis : 


<J 

1          1 

Coninion 

Basaltic 

Cliok. 

Hom- 

Hornblende. 

BaMlb 

atooe. 

•£ 

hlciidi: 

' 

1 

1 

> 

5 

• 

«* 

Silica 

37 

4» 

4* 

50 

48 

44*5 

5715 

AiLniina 

8y 

*7 

7tfj 

7  ^^9 

^^77 

10 

»675 

a.V? 

LvttH! 

5 

98 

88 

975 

V 

9-5 

475 

iVIag:nc^ia 

3 

lOy 

10*9 

19-15 

223 

Pota»li 

05 

.Sudi 

4 

2-6 

81 

O&icc  ol  iron 

3 

ij 

ii-dj 

izfiv 

II 

16 

zo 

3»5 

Oxide  of  mang. 

1*.  f 

i-ii 

o-j 

0-I2 

0-35 

Ol.  ot  chruint. 

3 

Muriatic  mciU 

I 

Water 

17 

577 

5-25 

5 

1 

3 

Lo»a 

^ 

57a 

1 

1 
100 

1-iH 

19 

ICO 

iwO 

1  .0 

I  0 

100 

100 

100 

•  Vauquclin,  Jnn.  de  Cbim,  xlii.  I  i,i.  f  Hermann,  JW.  ir 
Esriitt^  V.  317.                         ♦  L..ugicr,  vf^^.  Je  My*,  de  Hut.  Nat,  V.  79. 

^  Liugicr,  Gchlcn,  iv.  538.  |J  Kerned y,  EMu,  IrmU'  v.  S9. 

^  K I apn )tl'. ,  Bcnra^e^  iii,  2 j 3 .    He  found  aliC  traces  of  muriatk  acid. 

•  •  Klaproth,  iii.  229. 


GREEN  EARTa— IfTHOMAROE. 


317 


XVI.      LlTHOKIARGE  FaMILT, 

Ilis  family  coDsists  of  five  species  ;  namely^  grttn 
rih,  iiiht^marge^  rocJ^^oafp  umber f  and  ftUow  earii  : 
thty  arc  nil  soU  and  soapy,  and  s^em  raiher  mecbtni- 
niixturei  that)  chemical  compounds. 


it  mi 


Sp,  I*     Crem  Earth*. 


Sutf^fteief  2-  Indurated  Lithomargi*  Colours  snow, 
cHowish,  and  reddish  white  \  pmrl  grey ;  plum  and 
ivender  blue^  flesh  ted  ard  ochre  ycJlofW,  The  in^liita 
Inl  red  varieties  have  only  one  colour)  the  otbcn  spot* 

^^p  ICirwirit  u  i96.->Br«ichaAt,  i*  445.— Janie«]|i»  i  j88. 
^f  Ritwuiy  i,  187.— Broch«Qt«  I  447^^JaiiiciQvi>  1.  35K>» 


marge 


\%i%  mineral  occurs  in  balls  and  crusts  in  amygdaloid* 
iSoIaur  leUdon  green  j  sometimes  passing  into  other  va- 

tls.  Massive  and  in  globular  pieces.  Internal 
c  0*  Fracture  even.  Fraj^mcnts  blunt-edged. 
Usslie  of  sUeak  2.  Very  soft*  Sectile.  Frangibtlity  4* 
tjgltf.  Used  by  paintcrst  as  ihe  colour  is  not  altered 
»y  acids* 

tSp.  2,     Lithomarge  t# 
is  minerU  is  found  in  veins,  cavities^  and  bedl^ 
noUs  kinds  of  rocks,  and  is  far  from  uncommoo* 
er  divides  it  into  two  subspecies* 
Suf'spfctes  1.      Frinhh  Lithamarge^     Colnurs  sxiow^ 
ctlowish,  and  reddish  white.    Massive.    Lustre  scarce 
Generally  coherent,  sometimes  loose;  composed  of 
ily  particles.      Feels  greasy.      Adheres  to  the 


lis  * 

Bookm.    ted  Mid  dottded.  Masiiye.   InteraalhutreO.  Fcictee 
^^        large  conchoidtl.    Lastre  of  streak  S.   Verjrtoft*  Sec 

tile.    Fnngibilttjr  4.    Adheres  atroagljto  the  tdogoe. 

Feels  gfeasf*    light. 

This  mineral  bu  been  hitherto  foimd  00I7  st  Olkal: 
ia  Polaody  in  Cornwall^  the  Isle  of  Skjr,  and  alwmy s  tei- 
bedded  so  reeks  belonging  to  the  floets  trap  fionnBtidB. 

Ooieiir  pitch  or  brofnrishblaek.  Messtra.  LMIt«a 
FrMtBfe  fine  earthy.  Fragments  blnnt^dged.  OpeqaSi 
Does  not  soil.  Writes  well.  Lnstre  of  streak  S9 
no«s«  Very  soft.  Sectile.  FrangiUlt^  4» 
eirengly  totheioogne..  Rather  light. 

Sp.  4.     Umier\. 

Thb  mineral  occurs  in  beds  in  the  island  of  Cypni. 
Gebor  between  liver  and  dark  ydlowiab  brown.'  Mas- 
ssTe»  Fracture  large  coochoidal.  Fragnsenta  bhni* 
edged.  Very  soft.  Adheres  a  little  to  the  tongue.  Fecb 
meif  re.    Light.    Used  as  a  pigment. 

Sf.  5.     Yittow  Earthi* 

:  This  mineral  oocnra  in  Upper  Saxony  along  wilh 
iron-stone  in  the  flpetz  clay  formstion.  Colour  oebe 
jraUow.  Massive.  Lnstre  of  the  principal  fracture  1; 
of  the  cross  fracture  0 ;  of  the  streak  3.  PrindpsI 
iiractnre  more  or  less  perfect  slaty ;  croes  fracton 
«arthy.     Fragmenu  partly  indeternunato.  and  bbal- 


*  Brockim,  L  453.~JameM)a,  1 395.— Budioli,  GMmH  Jmr.SLSff* 

f  Jameton,  u.  554. 

I  Kirvrm,!.  a94«--Bro€haDt»  i.  455.— Juneioii.t  397. 


edgtd,  ptrdj  tabular.     SoiU^ 
Adheres  strongljr  to  the  tongue. 
Lfght.     Used  as  a  pigment* 

Only  two  of  these  tpecies  have  been  analysed ;  name.   Cowd- 
If^  gtten   earth   and  rock*soap.      The  foUowiog  are 
their  constituefits : 


Crircn  Earth. 

Rock 
Soap. 

♦ 

t 

t 

i 

11 

Silica 

53 

53  ' 

51-5 

51-0 

44*0 

Alumtna 

12 

120 

2fi-5 

Lime 

2-5 

2-5 

0  5 

Mtgntftia 

3-5 

2  ' 

"    1-5 

3*3 

Oxide  of  iron 

n 

28 

20*5 

no 

8-0 

Potash 

10 

18 

Soda 

4-5 

Water 

11 

6 

8 

y 

20-5 

Lobg 

1 

J 

0-5 

0-5 

5 

I  DO 

ioo 

100 

100 

100 

As  some  of  these  analyses  arc  not  accompanied  by 
flescripttonSy  it  is  uncertain  how  far  ihcj  belong  to 
the  green  earth  and  rock-soap  of  Werner* 

XVIL      SoAF-StOKE  Familt* 
To  this  family  belong  seven  species ;  nameljr  aatixr^ 


f  Greso  cmrth  of  Verona.    Kliprath,  Bntrage,  it.  3J9* 
I  From  Cyprtii*    Klaproih,  Ibid.  |>.  241. 
I  Frcm  Hew  Eait  Pntana.     Kti|>roch,  Ibid.  p.  144> 
I  Bwhdi,  GdUoa'i  /mm  til  ^J* 


pt^gnaia^Me,  cimoUte^  meerschaum^ftUn^*  earthy. Uia* 
tiifp  and  hildsttim. 

Sp»  1.     Native  M^gfUiia  *• 

This  nuBend  waf  ditcovered  1i|r  Dr  Mitebcll  it -ibe 
terpciitiiie  rocks  «t  Robschiitx  ia  MoAvis.  A  tok 
stance  probablj  of  the  same  kind  has  bees  destribed  fcf 
Giobert  as  occarriog  at  Baudissero  in  Piedmont,  where 
it  is  used  as  a  porcelain  earth. 

Colonr  yellowish  grey,  passing  latoorBMB  yaDoWt 

Marked  with  blackish  brown  spots'.    The  PiedmonteK 

is  pure  white.     Masyive  and  tuberose.    Litemal  Initre 

0*    Fracture  in  the  great»  large  flat  conchoidal  ^  in  the 

sflsall^  splintery.    Fragments  sharp««dged.     Soft.   Tie 

Piedmontese  occmrs  6f ten  in  prctey  hard  miufeea.     Not 

very  secttle.     Frangjbility  3.     Feels  rither  mewter 

Adheres  a  little  to  the  tongue.    Rathet  light. 

'  •'* 

«  Sf.  2.    Bole  jr. 

This  mineral  occurs  chiefly  in  the  isle  of  Lemnoi^  st 
Sienna  in  Italy,  and  in  Silesia. 

Massive.  Fracture  perfect  conchoidal.  Internal 
lustre  Is  of  streak  3.  Transparency  1, 2, 0.  Hardncssi. 
Sectile.  Specific  gravity  from  1*4  to  2.  Aoqaiits  a 
polish  by  friction.  Adheres  to  the  tongue.  FeeUgreasj* 
Colour  cream  yellow,  passing  into  brown  and  flerii  red; 
sometimes  spotted  brown  and  black.  When  dry  wai 
put  into  water,  it  breaks  with  a  crackling  noise. 


•  Brochant,  i.  499.— Jameson,  i.  403.— <;iobert,  Mr.  it  Wjta  L^  Uf^ 
f  Kirwan,  i.  191 — Brochant,  i.  4i9«—}anicioii,  L  j$f. 
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cid  hj  Hawkins  in  the  isle  of  Argentiers  in  the 
lipelago^  where  it  is  used  for  whitening  stuffs.  It 
xDcntioDed  hy  Plinjr  under  the  name  of  cimolim* 
lur  pearl  grey  :  when  exposed  to  the  air  becomes 
Ub«  Texture  eartbj.  Fracture  uneven.  Opaque* 
^lot  6tain.  Adheres  strongly  to  the  tongue.  Soft, 
icultly  broken.  Specific  gravity  8*000.  Becomes 
e  before  the  blow-pipe. 

^L  Sp,  4*     Meerickaum  f . 

W  KiffekUl— ^ffl/brr*. 

Irs  mineral  is  dug  up  near  Konie  in  Natolia^  anl 

flayed  in  forming  the  bowls  of  Turkish  tobacco- 
The  sale  of  it  supports  a  monastery  of  dervises 
ihed  near  the  place  where  it  is  dug.  It  is  found 
large  fissure,  six  feet  wide,  in  grey  calcareous  earth* 
workmen  assert  that  it  grows  again  in  the  fissure)* 
puffs  itself  up  like  froth  §.  This  mineral^  when 
li  dugi  IS  of  the  consistence  of  wax.  When  thrown 
he  fire  it  sweats,  emits  a  fetid  vapourp  becomes 
I  snd  perfectly  white. 

!o1our  yellowish  white  ;  rarely  snow  white'  Mas- 
.  Internal  lustre  d;  of  the  streak  3.  Fracture  fine 
hy,  passing  into  flat  conch oidal.  Fragments  pretty 
p-cdgcd-  Opaque.  Soft.  Sectile.  Frangibility  3. 
is  t  little  greasy.     Specific  gravity  I'GOO  ||. 


Irochaot,  i  319 — ICUprothi  u  199. 

Lirwin'H  Afm,  i,  T44.— Srodlmt,  i  463.»Jainei6fi|  I  40J. 
''<>S**c^»  ^^'^  Mag.  ill.  l^s* 

ioiee  tht  ftime  kig-^fi^  or  niher  iff'hfi$\  "  cliy-frotli,**  or  <•  light 
II  KJaproth. 
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Chi  a  Sp.5.    FmlUr's  Earth''. 

This  mineral  occurs  in  greatest  perfiBcdoa  in  ths 
ioath  of  England ;  it  is  found  also  in  Upper  Sasmy 
and  in  Sweden. 

Colour  greenish  white,  greenish  grej,  oKve  and  oO 
green.  Sometimes  spotted.  MiMsirc.  InCcroal  lostte 
dulls  pf  the  streaks.  Fracture  uneven;  aometifliii 
Urge  conchoidal,  sometimes  splinter j.  Fragmodiia. 
determinate,  blunt-edged  ;  also  slatj.  UsnaUj  opafK. 
Very  soft.  Sectile.  Scarcely  adherea  to  the  toagae. 
Feels  greasy.  F^IIs  to  pieces  in  water.  Melta  into  % 
brown  spongy  scoria. 

Sp.Q.     StiatUf\. 
Though  this  mineral  was  notictd  by  the  ancu8l% 
little  attention  was  paid  to  it  by  mineralogiata^  tilK 
Pott  published  his  experiments  on  it  in  t!ie  Berlin  Ms* 
moirs  for  1747« 

*  It  is  usuaUy  amorphous,  but  sometimes  it  ia  ciyslsl- 
lized  ill  six-sidtd  prisma.  Colour  greyish,  greenil^ 
yellowish,  and  reddish  white.  Sometimes  spotted.  Li^ 
teral  planes  of  the  crystals  transversely  streaked.  Kn- 
temal  lustre  0  or  i ;  of  the  streak  3.  Fracture  coarse 
splintery  ;  sometimes  uneven,  .conchoidal,  and  evea 
tending  to  coarse  fibrous.  Fragments  Uunt-edgcd. 
Transparency  1,  2.  Soft.  Sectile.  Frangibility  8. 
Does  not  adhere  to  the  tongue.   Feels  greasy.    Spedfe 


•  Kirwvi,  i.  184.— Brocbant,  1464*-— Juneton,  L  409. 

1  Kirwan,  i.  151— Pott,  Mem.  BtrRm^  1747,  p  57^— WWflibb  ^^* 
d9  Pbyi.  ziix.  60.— LaToiiier,  Mtm.  Psr,  I778>p*  433«— BffOClUBC|b474- 
Jameson,  i.  418. 
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gravity  2*614.     Before  the  blow-pipe  loses  iti  colour     Soip 
mud  harden  S|  but  does  not  melt* 

I  Sfm  7«     Bildstem^  or  Figurt-Stoni^* 

This  minerali  which  was  originally  classed  with  stea* 
lite^  is  brought  from  China,  and  is  always  cut  into  va« 
Irious  figures  ;  hence  the  name.     The  attention  of  mi- 

teralogists  was  £rst  drawn  to  it  by  the  analysis  of 
[laproth. 
I  Colour  greenish  grey,  yellowish  grey,  yellowish 
prown  ;  som,:  varieties  appear  to  be  of  a  flesh  red  co- 
lour, and  some  arc  sported.  Massive*  Inieraal  lustre 
pcarce  I.  Fracture  perfect  splintery.  Has  a  tendency 
lo  the  slaty.  Fragments  sometimes  indeterminate  angu- 
r^  pretty  shurp-edged  ;  sometimes  slaty*  Transpa- 
nqr  2.  Soft»  and  very  soft*  Sectile.  Feek  rather 
asy*     Specific  gravity  from  2*185  to  2*815 1« 

The   following   Table  exhibits  the  constituents  of 
species,   as  far  as  they  have  been  ascertained  by 
Jysis: 


^  Jomeion,  11,  6o4.'.4Gs{>rotl),  Bi^tragt^iu  1 8:4,— Vtu^udb, 
,  alls.  77.  i  fUaprotJi. 
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1^ 

8 
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8 
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8 

• 

1 

• 
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8 

r- 
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1 
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M 
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striking  w^m  of  sUDilBritjr  ii^  the  camposiUoQ  oi 

mad  bildatein,  notwithManding  the  stasilarity  <i£ 

Eternal  characters^  is  very  remarkable^  and  showt 

raoagoesia  aiid  alaoiiaa  maj  often  pcrfoim  ucar- 

Itnje  functions, 

XVIIL     T.iJLC  Familt- 

tamilj  comprehends  6ve  species  ;  namelyj  mm 
f  serpent ifte^  schiUentone^  tak^  and  ashestus  ;  CDOst 
ch  are  divided  into  subspecies  for  the  conve. 
E>f  description* 

Sp.  1.     Nephrite^, 

JaJa* 

*ttbne  was  formerly  called  lapii  niphritUti^f  and 
pch  celebrated  for  its  medical  virtues.  It  is 
£gypt»  China^  America^  and  in  il^  Siberiaa 
Ingarian  mountaios.  It  is  sometimes  adhering 
;,  and  sometimes  in  detached  round  pieces.  Wer- 
ides  it  into  two  subspecies^  common  nephrite  and 

kirt/t  1.    Common*     Colovr  leek  green  ;  some^ 

reenish  white.     Massive  and  in  rolled  pieces. 

usually  0  »  sometimes  I  and  silver  white,  from 

of  talc  and  aabeUus.    Fracture  coarse  splintery ; 

rs  greenish  white.      Fragments  not  remarkably 

Idged.     Transparency  2.     Haidneas  9.   Frangi- 

Feels  a  little  greasy*      Somewhat  brittle. 


ma,  i.  i7X.-^Banolm,  D«  tafU*  Ntpiriikc,^i.dmwa^  N#«. 
tfr^«/*  1.  39x.— Hccf  Dtcr,  Hiif,  N^.  h  /#  5Wiipi  L  35i.--JBro- 


(;^JasiNOfi,  I  411. 
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Sped^c  grmtj  from  2*O€0  to  3*071  *•  Takes  «  good 
polish,  but  has  a  muddj  aspect ;  cut  into  handles  for 
knives,  6cc. 

SubspicUs  2*  jtxt'Stont.  Colour  between  nonntsin 
and  leek  green.  Massive.  Ii>temal  lustre  1.  Fractnrs 
in  the  great,  slatj  ;  in  the  small,  splintery.  Fragmenti 
tabular.  Transparency  8.  Hardness  8.  Not  very 
brittle.  Frangibility  2.  Made  into  hatchets  frc.  bj 
the  natives  of  New  T^aland  f . 


*  SaiiHiire,  Ochlen*!  Jmr.    Second  wriei,  ii.  45 j.  t 

f  There  it  a  miDcrai,  fint  noticed  by  Sammre  tenior  tuiderthe«Me 
of/idKr,  which  hat  been  commaoly  coiMidered  •■  •  wietf  of  aepU^ 
tbongli  in  all  probability  it  ooght  to  conttituce  a  fpccict  afiart.  Pilil 
therie  hai  called  it  Imamitt^  and  Sanuore,  junior,  has  lately  dctcribid  mi 
walyied  it  ondcr  the  vMumfsi tjmsturiu  (Jmir.  it  Vf/a.  six.  sps.  ani  Odk 
lai*t7«(r.  Second  8eriet,is.  45S) ;  and  Klapmih  hat  analyitd  it  ■ado' Ae 
tumtci  Swiim€rUmdjsdet(B*iirageyiv  171.]  Sauitttre,  aenior,  loMd it 
is  different  paru  e^  the  Alpt^  chifily  on  the  banht  f  Uca  and  mm, 
and  it  hat  been  obtewed  in  other  placet*  Cokmr  blviih  greea,  s''^ 
white,  and  milk  white*  Mtt^i^e.  Lottreo.  Fracture  tflintery  Th» 
parcRcy  X.  Fragment!  indeterminate,  iharp-edgcd.  Hard.  Dificaklf 
frangible.  Feelt  meagre.  Specific  gravity  from  5-«oo  to  3*389.  WIm 
•heated  to  rednett  in  a  crucible  it  become*  redcliih  grey.  Before  the  Utnb 
fipe  thf  edget  melt  into  a  grtenith  grey  glatt^  bet  the  whole  caoat  fc 
melted  into  a  bead,  lu  cooititiiema,  according  to  9>vttore  and  EkgndCi 
gnalytet,  are  at  followt : 


Sautwre. 
44 

Klaproth. 
49 

Silica 

AhonlM 

30 

U 

Lime 

4 

lo-s 

Magnena 
Oiideofiroo 

115 

^5 

Oxide  of  roangan. 

ct)5 

Potaah 

0-15 

Soda 

6 

S'S 

Lott 

3*» 

0-73 

100 

100 
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Sf*  2.     Strpentim  *. 

"This  sfonc  is  found  in  s^morphous  masses,  fofming 

rata,  and  even  entire  rocks.     It  occurs  in  jjreat  abun- 

Itncc   in   many   countries,   particularly   at  Zoblitz   in 

pprr  Saxony,  and  at  Portsoy  in  Scotland,  where  it  it*' 

own  by  the  name  of  Portsoy  nun  hie.  Werner  divides 

t  into  two  subspecies^  the  common  and  the  precious, 

Suhspecies  I,     Common  Serpentine,     Coloun>  various 
ihades  of  gr«»cn,  yellow,  and  red,     Sieveral  colours  usu- 
llly  occur  together  in  btripesy  dots,  ai:d  clouds.     Mas- 
lire.     Internal  lustr.  i»    .      Fracture  sometimes  spUo- 
Ty,  sometimes  large  flat  conehoidal  i   and  also  smalU 

ftras lied  uneven,  passing  into  even.  Transparency  1. 
brdness  d,  7.  Passing  ir.to  secttle.  Frangibility  3, 
Mh  a  little  greasy.  Specific  gravity  from  2'574  to 
*%i9k  Docs  not  melt  before  the  blow-pipe. 
Subspecies  2  Precious  Serpentine  tolour  dark  leek 
^cen,  passing  into  blackish  green.  Missive.  Internal 
lislre  2;  sometimes  I,  resinous.  Fracture  conehoidal; 
»inctimes  splintery.  Fragments  in  the  conehoidal  va- 
lety  very  sharp-edged  ;  in  the  splintery  less  so.  Trans- 

Iftrency  2.     Feels  rather  greasy.     Soft.     Moderately 

Icavy. 


Talc 


8p.  3,     ScbUirrstamf.    , 
This  mineral  occurs  iu  beds  of  serpentioe/atid  seeitis 


•  KirwanJ.  tj6.-'Margri IT,  Alem.  Btriin^  1759,  P*  3.— Baycn,  Jtt/r, 
ir  Phyi,  liti.  46. — Mayer,  Crcll's  Ann^h,  1 789,  ii,  41 6.^^Br(Khant,  I  481* 

f  Jametoi),  I  419. 


9S8  8T0irBS. 

Book  m.    to  be  serpentine  in  a  state  of  crystallizAtion,  or  nearly  sa. 
Colour  olive  green.     Massive.     Lustre   3  ;  passing 
into  semimetallic.  Fracture  perfect  foliated.     Cleavage 
'  sbgle.     Sometimes  in  coarse-grained  diatinct  ooocr^ 
lions.     Soft.     Slightly  briule.    Frtogibility  4.     Mo- 
derately heavy. 

Sp.  4.     Ta/c  *. 

This  stone  has  some  resemblance  to  mica,  bot  is 
easily  distinguished  from  it.  It  occurs  sonaetimea  loose, 
and  sometimes  in  an  indurated  form.  Werner  divides 
it  into  three  subspecies. 

Subspecies  I.  Scaly  Talc.  Taleite ollLirmun.  TUi 
variety  occurs  in  tin  veins  under  the  form  of  smsQ 
scales^  scarcely  cohering.  Lustre  1  to  2.  Pearly. 
Light.  Adheres  to  the  fingers.  When  rubbed  upon 
the  skin  it  gives  it  a  gloss.  Colour  between  greenish 
white  and  greenish  grey. 

Subspecies  2*  Commom  Talc  ;  Venetian  Tate,  Occurs 
imbedded  in  serpentine.  Colour  apple  green  ;  green- 
ish  and  silver  white  ;  asparagus  green.  Massive,  aad 
in  very  fine  delicate  tabular  crystals.  Lustre  4y  3  ;  in- 
ternally pearly  or  semimetallic.  Fracture  straight  sad 
curved  foliated.  Fragments  wedge-shaped  ;  seMom 
splintery.  Cleavage  single.  Transparency  2  ;  in  thia 
leaves  4.  Sqmetimes  in  granular  distinct  concretions. 
Leaves  flexible,  but  not  elastic.  Very  soft.  Sectile. 
Frangibility  5.  Feels  very  greasy.  Specific  gravitj 
from  2*7  to  2*8.     Infusible  before  the  blow-pipe  with- 


*  Kirwtn,  i.  15a— Pott,  Mtm.  BeH.  1746.  p.  65«-«Hsii7,  nii  ItfS^ 
Brochant,  i.  486.— JameaoOi  1 430. 
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oat  addmoo.     By  this  property  it  is  distinguished  from 
cUorlCe. 

Suif/pidcf  3.  Indurated  Taic^  Occars,  like  the  pre* 
oediag,  in  prtmitive  mountaitis.  Colour  grccoish  grey. 
Mss&ive.  Lustre  9^  2,  pearly*  Fracture  between  itor 
perfect  foii^ed  and  curvr-slaiy.  Fragments  slaty, 
Xraosporcncy  i,  2.  Soft.  Scciile.  Frangibiliiy  3. 
Feels  rather  greasy.  Has  a  strong  resemblaDce  to  pot* 
stone. 

5^*  5*     Jshestus  *. 

Tbif  mineral  was  well  known  to  the  ancients  •  Tbej 
even  made  a  kind  of  cloth  from  one  of  the  varietieii 
which  was  famous  among  them  for  its  iocombustibilit/t 
It  is  found  in  primitive  mountains,  esptcialty  in  )yti^ 
peotine^  which  it  traverses  in  veins.  Werner  divides  it 
into  four  subspecies* 

SfibspecUs  ly  Eiiutic  AsbetUts,  or  Roci^Cori,  Co- 
lours yellowish  grey  ;  yellowish  and  greyish  white  i 
fmlc  ash  grey  ^  yellowish  brown  and  cream  yellow* 
Sometimes  shows  ochre  yellow  spots.  Massive  and 
ia  plates.  Lustre  i,  0  ;  of  streak  3*  Fracture  very  fiut 
promiscuous  fibrous,  which  on  aslightinspcctiooappears 
fifte*grained  uneven.  Opaque,  or  transparency  only  1* 
Very  »oft ;  receives  an  impression  from  the  nail.  Sec- 
tile.  Flexible  and  clastic.  Frangibility  !•  Cracks 
when  handled.  Feels  meagre.  Specific  gravity  from 
0-993  to  0*680  f.  Melts  with  great  difficulty  before  the 
bIow«pipe, 


SSi 


9  Kirwio,  i.  1591 — Beri^nun,  it*  i6a— Plot,  Ptil,  Trsmu  sv.  fj 
Nebcl,  /#««r*  dt  Fhys*  ii*  ds.— Ibid*  iiL  367.— Hany,  iii.  345.— i 
^  49A«— JaaBCMDt  i.  a^*  \  Bcrgmto. 
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Bo^in.  Sti^HieuMS.  Amumtimi.  CoiwOTgrtiiriA  white; 
greenish  grey;  olive  green }  •emetimeft  blood  red. 
Mafsive^  md  in  pistes^  end  in  cepUltrj  erTttdt.  b. 
ternel  Ineln  S|  3  $  tonieripMt  4^  pcarlj«  .'Froctmre  vcij 
dettoeie  peieUel  fibcoos.  FrngOBeoti  thia  spiiaterj. 
Tteospeteacjr  1,  2.  Veiy  toft.  Sectile.  Flesihk 
wsbA  foaewbet  elattie.  Splits  eeiilj. .  FnogibQitj  2* 
Spepiiic  greintf  from  .o*9Stt  tti  2*S1S4.  Mehs  widi 
difficoltf  before  the  blow.pipe. 

SubspeeUs^.  C^mmm  Ashettus.  Cdours  dork  kdi 
and  monottin  green ;  greenish  grej.  Bfessivo  end  k 
cijp^ary  orjsteli,  Imerodi  lustre  g»  peeri^*  ftactars 
pnrellel  mdiattd,  end  parallel  carved  firnm*.  Fngi 
aasnts  ipfaatety*  Xnn^anncy  ly  2*^  •.Soft*  -  ftai^p* 
MUtjB.  Notittdbb*  FcebradMTgoeatjr.  Apedft 
gravity  r54t  to  a^MS.  •  Mella  withidiflkiikj  into  s 
greyish  black  scoria.  ;.*.,.  v: 

Swbifimt  4i  lign^mm  jtsbuimi.mc  lteai^if«dL— 
Goloor  wood  brown.  Masaive  and  in  platea.  Iat» 
oal  loatre  U  Fraetuce  in  the  great  curve^foliated ;  ia 
the  sasall  ptomiscnoos  fibrous.  Fragments  slmcy.  Soft, 
fiectile.  Frangibility  2.  Somewhat  fleziUe  and  eln^ 
tie.    Feels  meagre.    light. 

The  fbUowmg  Table  exhibits  the  oonsutneata  of  As 
pfofcediog  speoiesy  as  fsr  as  Ihey  have  h^ea  aamlysed:  ' 
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XIX.      ACTINOLITE  FaMILIT. 

This  fiunll j  comprehendt  seven  species  i  nsmelj^ 
aetinoUte^  smaragdite,  tremoHu,  ^ntofbyltite^  €yamk^ 
sahlite,  and  icbalttane* 

Strabbtiin  of  Wernen 

This  mineral  occurs  chieflj  in  beds  in  primitiire 
mountains.  Werner  subdivides  it  into  three  subspecies. 

Subspetiis  i*  Asbestous  Actimoliu.  Colours  greenish 
grey,  mountain  green,  smalt  blue,  olive  green,  yel- 
lowish and  liver  brown.  Mauive  and  in  capiUsiy 
crystals,  which  are  sometimes  a  little  flexible  and  elas* 
tic.  Internal  Instre  2,  pearly.  Fracture  between  fi. 
brous  and  narrow  radiated.  Fragments  wedge-shaped. 
In  coarse  wedge-shaped  distinct  concretions.  Transpa* 
rency  1, 0.  Soft.  Brittle.  Fraogibility  2.  ,  Spedfic 
gravity  2*584  to  2-916.  Melts  before  the  blow-pipe 
into  a  black  or  grey  scoria. 

Subspecies  2.  Common  Actwolhe.  Usual  colour  leek 
green  ^  sometimes  pistachio  and  olive  green  ;  blackish 
green.  Massive,  and  crystallized  in  very  oblique  six* 
sided  prisms.  Primitive  form  of  its  crystals,  according 
to  Hauy,  is  a  four-sided  prism  whose  bases  are  rhombs^ 
and  which  he  presumes  to  be  the  same  with  the  priai. 
tive  form  of  hornblende.  Crystals  often  longitudinally 
SUxaked  ;  large  and  often  acicular.  External  lustre  4^ 
internal  3,  betwieen  resinous  and  vitteous.     Fractare 


«  Bfodunt,  i.  504.— Hauy,  iii.  73.— JamctooaL  4$$* 


•ommooly  radialcdy  and  usual! j  scopiform  and  diver- 
ging; sometioies  foliated  with  aa  iadistinct  twofold 
cleavage.  Fragments  sometimes  wedge->shaped  and 
fplinterj.  In  wedge-shaped  aad  granular  distinct  con- 
cretions. Transparency  of  the  massive  varieties  be« 
tween  2  and  l  ;  of  the  crystals  4.  Hardness  8*  Pretty 
brittle*  Frangibility  2*  Specific  gravity  a*000  to 
^•310. 

Suhifecus  %*  Glassy  ActinoUte.  Principal  colour 
mountain  green,  passing  to  greenish  grey  and  to  cmc* 
rmld  green „  Massive  and  in  thin  six-sided  acicular 
crystals^  Lustre  3,  vitreous.  Fracture  promiscuous  fi- 
brous, and  narrow  scopiformly  diverging  radiated. 
Fragments  splintery  and  wedge-shaped^  In  prismatic 
distinct  concretions,  inclosing  smaller  ones.  Transpa-* 
rency  2.  Brittle,  Frangibility  4.  Has  cross  rents. 
Semihard.     Specific  gravity  from  2*95  to  3 '903* 

Sp*  2f*  Smaragdite  *• 
Granular  aciino/ite  of  WdTkcr-^DiaJlagt  of  Hauy* 
This  miners  has  been  found  in  Corsica  and  in  Stiria^ 
and  was  first  noticed  by  Saussure,  Colour  grass  green  j 
sometimes  passing  into  emerald  green.  Massive  and 
Idisscminated.  Internal  lustre  3.  Fracture  foliated; 
cleavage  single.  In  granular  distinct  concretions.  Trans- 
l^irency  ?.  Hardness  !•     Brittle.     Specific  gravity  3^p 

Sp,  3*     Trrmoliiei. 

IGrammmtite  of  Hauy. 


*  BrfchAm,  11.  506.— Haiiy»  ilj.  la*.— Jinw«>li»ii*  605, 
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anJ  ii^juaUy  in  lime  stone.     It  uai  first 
Tremoh  ia  Switzerland  ;   hence  the 
iitbdivides  it  into  three  subspecies* 

Suhfifdes  I .  jish^sttms  Trcmoiifi,  Cohyttr  jrell 
white  J  nUo  grcyishi  reddisfi,  and  greenish  white* 
sivc  ^nd  in  capillary  crystals.  Intcru»l  lustre  2,  p^rij* 
Fracture  Gne  fibrous^  either  straight  cmt  soopifom  di» 
verging.  Fragments  splintery  and  wedge-shaped,  h 
wedge-shaped  prismatic  concretions.  Transpmreocj  1. 
Very  soft.     Frangibility  5.     Scctilc, 

Subifieciii  2.     Commaa  TtfmoKie*     Colours  greyish^ 
greenish,  yellowish^  and  reddish  white  ;  pale  asparagus 
green  ;  dark  smoke  grey.     Sometimes  ODassive^  tofB«> 
times  crystallised.     Primitive  form  of  the  crjstalsy  S€« 
cording  to  Hauy,  x%  a  rhomboidal  prism^   whose  sides 
are  inclined  to  each  other  at  angles  of  120^  52'  12''  mi 
5i^  i  48''.     It  usually  occurs  in  four^sidcd  prisma  ter* 
mtnited  by  dihedral  summits;  and  not  unfrequenci/ 
the  two  acute  edges,   or  all  the  four,   arc    truodted 
Crystals  middie-iized  and  small.     Intemftl  lusne  3,  2, 
pesrly.     Fracture  sometimes  broad  radiated,  samttoikss 
foUatcd  I  both  streaked  ;  the  latter  appears  to  have 
twofold   longitudinally   intersecting   cleavage 
fracture  uneven.      Fragments  usually  indetermioate 
sometimes  somewhat  cubical.     The  mas&ive  variety  ii 
in  granular  distinct  concretions.     Transparency  2  \  o£ 
the  crystals  3.  Semihard.  Frangibility  4.     Moderately 
heavy. 

Subspicia  3.  Giasiy  Tremoliie,  Colours  yellowiibp 
reddish,  greyish,  and  greenish  white.  Massiva  sal 
crystallized.  Internal  lustre  3  i  passing  to  2,  pcafly# 
Fracture  very  narrow  radiated.  Has  parallel  oUi^ur 
cross  rents,  like  the  shorlite.     Fragmeuts  u^uUy  spUa- 


i 


tiery.     Composed  of  ihm  pnsmauc  distinct  concretionf .     Actmolitt 
which  ure  collectea  into  thick  ones*     Transparency  2* 
Frangibibty  6.     Brittle.     Melts  before  the  blow«-|»ipe 
into  a  white  cellular  scoria. 

S/>,  4*     AntophyUiu  *. 

Tbii  mineral  was  first  observed  at  Kongsbcrg   in 
Norway,  and  described  by  Schumacher, 

Colour  light  hair  brown,  pjissing  into  clove  brown. 
Massive.  It  occurs  also  in  thin  Hat  six-sided  pristns, 
longitudinally  streaked,  and  wanting  the  extremity. 
Lustre 4,  adamantine.  Fracture  straight  fibrous-  Frag- 
metils  approaching  to  four*sided  prisms.  In  granular 
distinct  concretions.  Transparency  of  the  crystals  4  ; 
of  the  massive  1*  Streak  white.  Semihard  in  a  high 
degree*  Remarkably  brittle.  Specific  gravity  3*150. 
Powder  white  with  a  shade  of  yellow.  When  exposed 
in  a  crucible  to  the  temperature  of  32^  Wedgewood  it 
becomes  opaque  and  dark  clove  brown  ^  butitsotherqua* 
liiiet  remain  tinaltered.  Infusible  before  the  blow-pipe 
alone«  but  with  borax  it  melts  into  a  grass  green  trans- 
parent bead.  With  microcosmic  salt  it  melts  into  aa 
•il  greeu  bead.     With  fixed  alkali  it  melts  readily. 


K 


Sp.  5,     Cyaniie\. 
Support  of  Saussure — Disthene  of  Hauy. 
This  stone  was  first  described  by  Mr  Saussure  the 
woti^  who  gave  it  the  name  of  jappare  t*  It  is  commou- 


*  K^fiten  ind  John,  GchJcfi*i  Jtitr.  S^coodftettet.  t.  496.  De-li  Mcth€» 
tic.  Jmir,  it  Fhyt.  Uiv,  356. 

\  KlrwiD,  i.  109 — Sage,  /fl*r.  de  Fljt^  nt3iT.  39^— Hmy*  Ki*  S3Q^- 
ftrochaor « 1.501  .^imefoo^  L  45  ■  • 

I  Jmt,  db  ?h^i.  aBxiT*si3* 


Boole  m. 

Ctup,lL 


Jkr, 


ly  foond  tit  tslc  tnd  mica  slate.    The  primttivB  fori 
its  crystals  is  t  four-sided  oblique  (irisniy  ilrbose 
are  mclta«d  at  la  angle  of  109^*    Tbe  baae  fonu  wilk 
one  side  of  the  prism  an  angle  of  103^ ;  with  aDodkr« 
an  angle  of  11'^.     It  is  sometimes  crystalltscd  tn 
sided  prisms  •. 

Colour  Tariotts  shadfts  of  bluei  aSp  smaltf  brrlln, 
sky;  also  milk  white-«  blutih  grey,  and  pearl  grsf. 
Some  iptcimcns  entirely  blue^othersonly  fpolt^  wilbit* 
Massive  and  crystalUz^ed.  Internal  lustre  f^  4^  ptt/ffy- 
Fracture  very  broadp  diverging*  promiscootia  radiiitad; 
{Msies  sometimes  into  curve  foliated.  Fracluns  of  the 
crystals  foliated  with  a  threefold  cleavage* 
Slmty^  splintery^  wedge-shaped,  and  soroetimrs 
iectfbomboidal.  In  wedge-shaped  distinct  con^retiooi. 
Traasparency  2»  4*  Refracts  singly*  Slightly  fletibk. 
Hardness  6  to  8.  Approaching  sectile«  Fccb  some. 
what  gf€9tf*  Specdlic  gravity  from  3*517  to  S*6M. 
loJiisible  before  the  blow*pipe. 


MalacoHte  of  Abilgaard  and  Haitj. 

This  mineral  was  first  observed  in  the  stiver  m^ 
Sahla  in  Westermannia  ^  hence  the  name.     Afierwi 
it  was  found  in  Norway* 

Colour  light  greenish  grey*       Massive. 
lustre  S,  4*  Principal  fracture  foliated ;  cleavage  Uww. 
foM.     Fragments  freqaenily  rhomboidal*     Composerf 


SiLHI.IT£*^SCl!Al.STOK£. 

;  coarse  granular  divti  :ct  corC-  elions,  Transpa- 
Semihard*     Brittle.      Frangibilny  4*     Sj>e- 

ivity  from  3  236?*  lo  3*2307  *-  Mcltf  before 
low- pipe  into  a  transparent  gla!»3*  Hauj  has  shown 
in  its  strucmre  it  bears  a  striking  resemblance  lo 


S$7 

Actmolitt 


Sp,  T*     Scbahttrntf. 
Ta/ehfiaiL 

iDtnerat  has  b^  o  i-iihrrto  found  only  in  tb« 
tof  Tcmcswar.  Colour  ^r^)  ish  wh*te^  (>ssses  5n- 
Eiish  and  jellowiih  whiie^  and  reddish  white. 
ire*  Lustre  of  the  principal  fracture  3^  ptarly* 
ami  fracture  foliarcd,  with  a  slight  tendency  to 
l|r  and  coarse  &brous*  Cleavage  single.  la 
iht  thin  lamellar  di!»tifict  concretions,  collected  into 
rown  pristnatic  dissrii  ct  concretions.  Transpa- 
Setnihard-  Biittle*  Frangibility  4*  Weight 
Ac. 

following  Table  exhibits  a  view  of  ihe  consti* 
If  such  of  the  preceding  species  as  have  beea 
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XX*      GADOLtH|lT£  FaMILIT. 

TifoUGB  the  mineral  called  g^idalitiite  is  arranged  hj 
Werner  among  ihe  ores  of  iron,  yet  as  it  is  almost  the 
only  miQeral  known  to  contain  jrtlrta,  it  may  be  worth 
ivhile  to  insert  the  descriptioti  of  it  here. 

Gadglmiti 

This  minenil  was  fir»t  observed  by  Captain  Arhenius 

^ged  in  a  white  felspar  in  the  quarry  oi  Ytterby  in 

iweden,  and  received  the  name  Codo/imief  because  Ga* 

lifi  was  the  chemist  who  fiist  ascci twined  its  composi- 

GoloUT  velvet  blacky  passing  sometimes  to  brown. 

Ifassive*       Lustre  3,   glassy.      Fracture    conchoidal. 

ardness  10.     Scratches  quartz.      Opaque.      Brittle. 

jiecific  gravitj  4*0497.     Gelatinizes  v^lth  hot  diluted 

itric  acid.    Before  the  blow*pipe  decrepitates^  and  as* 

a  whitish  red  colour^  but  does  not  melt.     With 

rmx  it  melts  into  a  topaz-yellow  glass  f.     Its  constitu-* 

arc  as  follows  : 


yf  Mi  Thomia  AlUn  among  90me  m'menb  from  Greenhud  recogOiM 
e,  vKttb  appcin  to  be  a  tpecl^-i  of  gadotiaite*  though  it  diflcra  cooii* 
ibly  from  the  mtnenl  <k«cribed  in  tlie  t»t,     CoWmf  pittJi  bUck* 
jtiYc,  anU  Htfnctitres  in  fragnicmf  of  rboniboidal  pn«n•»w^th  angle* 
*  ma4  60®.      Lustre  2,  resinous-      Fracture  unevoi     Scrrihard» 
ralch  qtiarts.      Opaque.     Brittle.     Specific  graWiy  XiBCfU 
I'lvith  oicric  acid.      Frothcs  before  the  blow-pipe  and  meitt 
f  mto  a  brewn  K^ria.     With  borai  oieltt  into  1  bbek  gl^m. 
•»  »i'  145- 
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SALINE  STOKES. 


Pnok  III. 
Cftep.ll. 


« 

+ 

t 

Yuria 

4T5 

35-0 

59-75 

Silica 

25-0 

25-5 

21-25 

Lime 

2*0 

Alumina 

4-5 

0-50 

Oxide  of  iron 

18-0 

25*0 

18-00 

Oxide  of  manganest 

20 

Water 

10-5 

Loss 

5-0 

0-50 

100 

lioo 

100 

Order  IL     SALINE  STONES. 

Under  t'his  Order  are  comprehended  all  the  Yninenls 
^liich  have  an  earthy  basis  combined  v^irii  an  acid. 
The  minerals  belonging  to  it  att  of  course  sidt%  aird  o 
such  have  been  described  in  a  fohiter  part  of  tfiis 
Work  :  'Biit  as  they  occur  native  in  states  which  tannot 
always  Be  imitated  by  art,  it  will  be  necessary  to  tdce 
a  view  of  them  as  they  are  found  in  the  earth.  They 
naturally  divide  themselves  into  five  genera,  asonlj 
five  earths  have  hitherto  been  discovered  native  in  com- 
bination with  an  add.  These  earths  are,  lime,  barjtei^ 
strontian,  magnesia,  and  alumina.  The  species  belong, 
ing  to  each  genus  might  be  arranged  according  to  their 
external  characters;  but  as  their  constittientt  afford 
well  marked  and  important  characteristics,  it  wifl 
answer  our  purpose  better  to  arrange  each  mineral  ac> 


♦  Ekchexg,  CrcU't  Ammah,  I799,  ii.  67. 
I  Vauquelin,  Amm,  d»  Cbtm  xi,vtu  IJSi 


CALCAAEOUS  SALTS* 

ig  to  its  composiiioD.     The  following  Table  ex* 
a  view  of  the  didcrent  saline  stones  arranged  in 

Banner  *  : 

Genus.     Calcareous  Salts. 
Family  of  Larbonatts 
an  Nc;irly  pure 
Rock-^milk 
Chalk 
Lime-stone 
Calctuff 
Schaumearth 
Slate  spar 
A  raguuite 
.  I«-  Ccimbitifed  \i  ith  a  foreign  body 
i>tc;wii  %par 
Dubmne 

RUomh  ^par,  or  bitter  spar 
Swii^e*^o  ie 
Marl 

Buaiiiii^ous  n^arl  ilate 
n«  Family  of  Fhospbatij 
Appame 
Asparagus  stone 
PhospLonte 

III  Family  of  Fluaies 
Flai.tc  ot  lime 

IV  •  Famtly  of  HulfbatfS 
Gypsum 
Seteoite 


Tibleor 


•  Sec  jwn<ioii*i  ilfrwmf*i^j «.  i^l- 
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Book  IIL  Cube  spar 

Chaik  IL 

f  Anh\drite 

V.  Tamily  of  Boratu 
Datholite 
II.  Genus.    Barttic  Salts 
Carbonate 
Sulphate 

III.  Glkus.    Stroktiak  Salts 

Carbonate 
Sulphate 

IV.  Glnus.     Magnesiav  Salts 

Su][))i.itr 
Carbonate 
B«  rate 
y.  Glnus.     Aluminous  Salts 
Alum 
Mellate 
Chryolite 

The  minerals  belonging  to  this  Order  are  distinguislu 
ed  without  much  oifliculty  from  the  last.  Almost  tQ 
of  them  are  insoluble  in  water;  but  soluble  in  nitric  s- 
cid  or  in  hot  sulphuric  acid.  Most  of  them  melt  before 
the  blow-pipe.  Their  specific  gravity  varies;  but  itii 
often  above  3*5  when  the  mineral  is  too  soft  to  scratch 
glass.     None  of  them  have  the  metallic  Itistre. 

Genus  I.   Calcareous  Salts. 

The  existence  of  pure  uncombined  lime  in  a  nativ 
state  has  been  questioned  ;  but  the  evidence  on  which 
the  belief  of  its  existence  is  founded  is  sufficiently  re- 
spectable to  put  the  matter  beyond  doubt.    Monne  af« 


firms  that  il  exists  in  abandance  m  the  mountains  of 
Upper  Ativergne,  mixed,  however,  with  a  lutle  oxide 
of  iron  •.  Dr  Falconer  of  Haih  fouud  a  sofi  tvhitiih 
mineral  in  the  nfij;hbonrhaoci  of  tbiit  town,  consisting 
partly  of  pure  lime  capable  of  disscilvmg  sulphur  f,  and 
Irom  which  Umr.watcr  may  be  made.  1  have  been  in* 
formed  by  his  son  Mr  Thomas  Falconer,  ihiit  agenllc- 
man,  lately  engaged  in  collectir.g  the  mineraU  about 
B^tb,  found  it,  though  not  in  any  great  quaQlity*  But 
a&  the  pure  lime  in  these  specimens  is  mixed  with  other 
bodies,  it  can  scarcely  wi^h  piopncty  be  considered  as 
a  distinct  mineral. 

This  genus  comprehends  all  ibc  combinations  of  liti^e 
with  aD  acid  that  occur  in  the  mineral  kingdom^ 

i  No  other  mineral  can  he  compared  with  carbonate  «f 
W  lime  m  the  abundance  with  i^hich  it  is  scittered  over 
I  the  earth.  Many  mountains  consttt  of  it  eniitcly,  and 
Hardly  a  country  is  to  be  found  on  !he  face  of  the  globe 
where«  under  the  names  of  lime- stone,  chalk,  maible, 
f  spar«  It  does  not  con!>fitute  a  greater  or  smaller  part  of 
ihc  mineral  riches.  ..  .       .  i. 

This  salt  is  often  pure  or  nearly  so  $  but  it  is  fre- 
quently also  either  chemic^illy  combined,  or  at  least  in* 
.Umaiely  mixed  with  a  considerable  pn^poriioti  of  some 
other  substance  which  changes  tts  apftearance  and  its 
pro  pert  ie}»*  The  first  stven  &pecies  ot  trus  lamily  enu- 
merated in   the  prccedmg   table  are  nearly  pure  car* 


Fiiiiil)r.nf 
C^botiatef. 


L     Family  of  Carbonates, 


•  Moonct'a  AtthffMt'>9jt  p*  5 1 5  ■ 


p.  ii4 
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Book  III.    bonatet ;  bat  the  last  six  are  coiDiMnmdSy  or 

■      '^         mixtures  of  carbonate  ot  limt;  with  some  other  body. 

jigane  mwera/^-^Motmiam^miii, 
Found  in  tfir  fissures  and  lioles  ol  lime*ttone  aomt- 
tins.  chiefly  in  Swiizcrland,  and  is  supposed  to  be  de- 
posited hv  the  rain  water  that  filters  through  the  roda. 
Colour  yellowish  white,  sometimes  snow  and  greyiih 
white*  Composed  of  dusty  particles  witfioat  losttt, 
which  cohere  but  weakly.  Feels  fine  but  iDeagfc. 
Stains  very  much.  Does  not  adhere  to  the  tongac. 
Nearly  floats  on  water. 

Sf.  2.      Cbalif. 

This  mineral  forms  a  peculiar  formation,  and  abounds 
particularly  in  the  south  ot  England  and  north  of 
France.  Colour  yellouish  uhite,  sometimes  snow  and 
greyish  white.  Lustre  o.  Opaque.  Hardreu  9  to  4. 
Specific  gravity  from  2*315  to  2*657.  Fracture  fine 
earthy.  Fragments  blunt  edged.  Adheres  slightly  to 
the  tongue.  Feels  meagre  and  rough.  Stains  the 
fingers,  and  marks.     Seciile. 

Sfi.  3»     Lime- Stone  t* 

This  mineral  occurs  in  great  abundance  and  in  t 
great  variety  of  situations,  and  diflfers  in  its  appearsooe 
according  to  its  situation.     Hence  it  has  been  dividd 


•  Kirwan,  L  76.*Brochant,  1.  519.  -— Jameson,  L  471. 

f  Kirwan,  1 77.— Brochant,  i.  511.— Jamooo,  I  473. 

;  lUrwao,i8l.— Brocham,i.  5ft3^HaQ7,H  ii^<^Jame»o,l4T6. 
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by  Werner  into  fiMir  siibsptcies,  distfnpiushed  chiefly    Ftmlty  ^ 
hj  tHcir  fTaccure  and  ihcir  g^ognoffuc  ,  ositioo,  _ 

^  SlA^^it^  I*  Compact  Lime^Sttme.  This  mineral  is 
bafifined  aimosf  exclusivtrty  to  the  f)o€t3L  and  coal  form* 
Itions-  It  is  usually  fuaisive,  and  never  crystallized. 
m  texture  is  compact,  \\%  tracture  spliitery,  and  it  has 
|o  internal  lustre*  It  is  often  used  lor  building,  and 
Egt  burning  to  lime*  There  are  two  varieties  of  it  ^ 
^^rly,  €9mmmt  compact  lime- &tone  and  roe-siom*  The 
m^  ol  which  u  tnuch  more  stbundunt  ihaa  the  second. 
[  U  Common,  Colour  various  shades  of  grey  ;  name* 
|y^  yelloi;^  isb,  blur&h,  ash,  and  smoke  grey;  greyish 
Muck  I  yellowish  brown,  ochre  yellow  i  also  blood, 
ihy  and  ptach  blossom  red*  Often  spotted  and  veined, 
cturc  small  fine  splintery,  passing  sometimes  inte 
large  fiat  oonchoida),  and  mto  uneven.  Fragments  mbre 
tto-  less  sharp-edged.  Transparency  1*  Hardness  6  to 
k.     Brittle.     Frangibilily  4.     Specific  gravity  2-6  to 

I  s.  Roe-Stone.  Colour  hair  and  chesnut  brown  ;bui 
l&om  the  quantity  of  marl  which  it  contains,  it  appears 
tcUowish  and  ash  grey.  Fracture  fine  splintery,  but 
IhiI  easily  observed.  Fragments  very  blunt.edged. 
Composed  of  small  globuiar  distinct  concretions  ;  each 
globule  is  composed  of  concentric  lamellar  concretions, 
O'ransparency  0|  1,  Hardiness  6  to  8.  Brittle.  Fraiu 
^biltty  5* 

*  Subspecies  2*  Foliated  Lime- Stme,  This  subspecies  if 
hlistinguished  from  the  prectdin^  by  its  foliated  fracture* 
AU  the  calcareous  crystals  belong  to  it,  except  one  ©r 
two,  which  arc  peculiar  to  the  arragonite.  There  are 
««t»  kinds  of  it,  easily  distiiiguishied  from  each  otbtr 


Ml  ItiT 
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Book  nf.     bj  the  shape  of  the  fragraents  ;  the  fragments  of  the 
■  first  kind  being  indeterminate,  while  those  of  the  semul 

are  always  rbomhoidal.  The  first  kind  is  called  ^o. 
nmlar  foliated^  from  the  granular  distinct  concretions  of 
which  it  is  composed  ;  the  second  calcartoui  spar,  froa 
the  shape  of  the  fragments. 

1.  Granular  foliated.  This  kind  belongs  almost  ex> 
dusively  to  the  primitive  and  transition  ntounuim^ 
where  it  occurs  in  great  abundance.  The  marbles  uied 
in  sculpture,  and  many  of  those  employed  *n  atchiteo* 
tare,  belong  to  it.     It  is  never  found  crystaili^ttd. 

Colour  various  shades  of  white ;  naroelj,  snow,  yel- 
lowish, greyish,  greenish,  reddish  ;  biuish,  grceniA 
ash,  and  smoke  grey  ;  greyish  black;  pearl  grey,  fleik 
red  ;  cream  yellow  ;  siskin  and  olive  green.  Siiine» 
times  spotted  and  clouded.     Internal  lustre  from  3  to 

1,  between  pearly  and  vitreous,  fracture  foliated 
sometimes  from  the  fineness  of  the  grains  appeals 
splintery.  Fragments  blunt-edged.  Mostly  in  gra* 
nular  distinct  crncretions  ;  sometimes  they  are  so  fine 
that  the  mineral  passes  into  compact.     Transparency 

2.  Hardness  6  to  8.  Brittle.  Frangibility  5.  Spe* 
dfic  gravity  from  27  to  2*  84. 

•  2.  Calcareous  Spar.  This  kind  is  found  in  veins; 
and  it  occurs  in  every  formation,  being  indeed  the  most 
generallv  distributed  o)  all  minerals.  It  occurs  massive 
and  in  different  particular  shapes,  but  more  frequently 
crystallized.  The  primitive  form  of  its  crystals  is  a 
parallelepiped,  whose  sides  are  rhombs,  with  angles  of 
78^  30' and  101^  aO\  Its  integrant  molecules  have 
the  same  form.  The  varieties  of  its  crystals  amouo| 
to  616.       For  a    description   abd   figure    of  wbicb 


UMCITOKE* 

the  reidtr  ii  referred  to  Rome  de  Lisle  •,  Hauy  f,  mai 
fotimoD  |. 

Werner  has  given  a  very  1  ominous  view  of  the  va* 
ricties   of  thfse   crysrals^  by   supposing    three  funda^ 

Bmal  figures  ;  namely,  the  $tx-stdcd  pyramid^  ihc  fiix^ 
id  prism,  and  the  ihree-sided  piism,  and  forming 
^the  other  crystals  by  truncal  ions  of  these  §• 
Colours  greyish,  y»llowish,  greenish,  and  reddish 
hitc;  olive»  asparagus,  pistachio,  and  leek  green  | 
rreenisb  grey  ;  somr limes  yellow,  rose  red,  and  pale 
riotct  blue,  but  very  seldom.  Internal  lustre  from  % 
2t  vitreous*  Fracture  perfect  foliated;  cleavage 
lir^efold.  Fragments  rhomboidaL  Massive.  Variettei 
keeur  in  granular  distinct  concretions,  and  in  prismatic 
wedgCi-shapcd  coocrciioas  which  arc  oblique  longi* 
mdittally  streaked.  Transparency  of  the  massive  2  to 
of  the  crystals  4,  3.  Refracts  atroogly  double, 
iardness  6  to  8-  Brittle.  F:a:igibility  5.  Specific 
vity  'i'CSS  to  2'H8.  Many  varieties  become  phos- 
rfioresceni  on  hot  coals. 
Subs^ccm  3.  Fibrous  Lme-Stont,  This  subspecies 
by  no  means  so  universally  distributed  as  the  pre^ 
Scdtng.  it  IS  divided  into  two  kmds,  Uie  common ^Arom 
caictinter.  The  first  occurs  in  small  ve!na  ;  and  the 
Gond  consists  chiefly  of  stalactites,  formed  by  the  fiU 
btion  and  evaporation  of  water  impregnated  with  car- 
)omate  of  lime.     None  of  them  are  ory stall iz.ed. 


•  CfjiUlhg.  i  497.  t  Ei*a'  J'timt  Thforif,  &c,  p.  75, — Jtmr.  dt  ¥hys» 

f]^  '%VKUi£t  p-  it^  ood  Mirtr.  ii.  t^a — Jmtr^de  Hut,  Nmi,  t79S,  Feb- 
'( pw  148^— ^a.  ^  C^^Mr.  rvii.  149,  &c< — Jour,  dt  VTifl^.  Namiviii. 
(  Trmti  de  MintraUgif,  Ti>lti«,  i* !'.  and  q| 
}  See  Jameaoo't  Mrn,  t.  4^9- 
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Book  Tir.  I.  Common  Fibrous.  G)lours  greyithf  reddish,  sai 
*  ^^  '  yellowish  white.  Massive.  Lustre  2,  Sp  pesrlj. 
Fracture  coarse  Eiid  delicate,  straij^ht  aiid  parallel  fi. 
brous.  Frag menti  splintery.  Tiat>sparcncj  2.  Hard* 
aess  6  to  8.  In  other  respects  similar  to  the  la&tsak 
species.      The  saiin  spar  belo:  gs  to  this  kind* 

2.  Caicsinter.     Colours  snoH^grejish,  grecoisb,  sad 
yellowisn   ^hite;  houv^y   ychow,    yeJlo»^i>h  bruwa; 
(iskin,  pistactiio,  itspara^uSy  mount^ii,   aid   vctfiKffu 
green  i  tlic  lasi  pas^e^  uao  sky   b»ue  ;  flesh   and  pcuh 
Ucissom  red,  re  ic  ^ii  Lro^n  :  But  the  led  and  green  vs. 
rreties  are  rare,  «i..d  uue  their  coluur  to  metals.     Mis- 
'  aive  and  in  paiticuiar  shapes.     Internal  luHtre  1,  pas^ 
sng  into  2,  peaily.     Fiacturc  stiaigbi  scopiform  asd 
steiittiar  fibrous.      Fragments  usually  indeterminaie; 
iomctinits  spiiutery  and  wedge-shaped.      Usually  n 
curved  lamellar  distinct  concretions.     Transpareocj  2, 
sometimes  3.     Harunt&s  6,  1.  Brittle.   Frangihilitf  5. 
Subspecies  4.  Fea^'^tone.     This  mineral  is  feuDo  in 
the  vicinity  ot  the  hot  springs  at  Carlsbad  in  Bohemia, 
It  has  the  iorm  ot  round  masses  composed  of  cooccotric 
la}  ersy  and  containing  each  a  grain  oi   sand  in  their 
centre.  Ci'loiir  ^elluwish  white,  sometimes  snow  white 
and  yellowish  btoun.     The  round  bodies  are  collected 
together  like  a  bunch  of  grapes.     Lustre  o.     Fraogi- 
bility  <).  Transparency  0  or  i.     Hardness  6  to  7.    Mo- 
derately heavy.     Fracture  even. 

Sp.  4.   Calctuff*. 
This  mineral  occurs  in  alluvial  land,  and  appears  ti 


•  Jameson,  i.  531. 


SCSAUlfEAfctir-^^tAtE  SPAR* 

tfly  formed  by  menns  of  calcareous  spring.  Co- 
^-cUowiuh  grey*  Generally  markrd  with  itBpres- 
of  rcedsv  gf^$%  or  moss.  Internal  lustre  0,  I* 
belween  line-graincd  uncveii  and  earthy; 
ei  inclines  a  little  to  fibrous  or  foliated.  Frag- 
AQ(-edged.  Opaque,  nr  transparency  1,  Soft, 
kftt  leecrie.  Frangtbility  4«  Light.  Almoft 
tvmter. 


3« 

Fimtly  til 
Carbooieci. 


Sp.   5.     Schmmiarth  *• 
Sihery  thaH  ot  ICirwan* 

fmlneral  occurs  in  cavities  of  floeti  lime* stone, 
and  near  Gera,  io  fhuringia,  and  in  the  north  of 
id.  Coli»ur  light  yellowiib  (nearly  silver)  whtte« 
^ye  and  disseminated,  or  in  fine  scaly  particles* 
K  between  3  and  2.  Between  scmicnetallic  and 
ft  Fracture  curve  foliated*  Cleavage  single » 
If  into  scaly.  Fragments  blunt-edged.  In  gra* 
'  distinct  Goncrettons.  Opaque,  Soils  a  Uttk. 
>ft.    Sectilc^     Friable.     Feels  fine.     Creaks  a 

Sf*  6.     Siate  Sfat\  or  Bchieferspathf. 

IArgmtim  of  Kirwan. 
mineral  occurs  in  beds  in  primiiive  mount^os^ 
las  been  found  in  Nor  way,  S<<xony,  and  Cornwall, 
olour  milky  greeniUi,  and  reddish  white,     Ma^tsive, 
re  3,  2,  pearly,     Tcitiurc  curve  foliated.     Frag* 


irtii,  i.  78.— Brochant»  L  55  7.<—J«me«on,i.  jo^. 
n,  i  i05««^Brochafit,  1 558.-^Jimcion,  i.  jot^ 
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m.  ments  slatj.  Brittle.  Yranspareocj  2.  Mty  be 
scratched  by  the  nail.  Specific  gravity  2-740.  Br. 
tween  sectile  and  brittle.     Frangibilitj  4. 

Sf.  7.     ArragottUe^m 

This  mineral  was  first  found  in  Arragon  ioabcdded 
in  gypsum ;  afterwards  in  the  Pyrenees  and  at  Sain, 
burgh.  Colour  greenish  and  pearl  grey  ;  in  the  middle 
often  violet  and  green.  Always  crystallized  in  regulir 
six-sided  prisms ;  or  having  two  opposite  faces  larger. 
Longitudinally  striated.  Lustre  2,  glassy.  Fracture 
between  imperfect  foliated  and  fibrous*  Colour  ir. 
ranged  in  the  direction  of  the  fibres ;  the  longitndioil 
fibres  green,  the  transverse  violet  blue.  Cleavage  dofr. 
ble ;  one  parallel  to  the  axis,  another  forming  with  tbe 
first  an  angle  of  116t^.  Transparency  2.  Rcfiracti 
doubly.  Scratches  calcareous  spar.  Brittle.  Speci- 
fic gravity  2*9468. 

The  following  Tabic  exhibits  the  constituents  of  the 
preceding  species,  which  may  be  considered  as  nearlj 
pure  carbonates,  as  far  as  analyses  have  hitherto  ascer« 
tained  them* 


•  Kirwan,  i.  87.— Br«chant,  L  576  —  Hauy,  iv.  337.^ame9aii.  L  $iy 
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BrioV  in. 

Ch»p.n.  S/>.  8.     Brown  Spar^.  ' 

Spatb  perU — Sidero^calcite* 
This  mineral  occurs  in  veins,  and  is  utomlij 
panied  bj  calcareous  spar  and  sparrj  iron  ore.     Prio. 
cipal  coloRirs  white  and  red :  namelj^  greyish,  jelbw- 
ish,  reddish  white;   flesh,  rose,   and  browntih  red^ 
brown.     Some  varieties  approacjh  pearl   grey^  othen 
black.     Sometimes  spotted.      Masshre,  globaltr,  mI 
crystallired.     Crystals  the  same  as  those  of  calcaiton 
spar*    The  following  have  been  observed  :  a  flat  and  ■ 
acute  double  three-sided  pyramid,  an  obliqae  six-ndad 
pyramid  ;  also  in  lenses  and  rhombs.     External  Inttt 
3  ;  internal  from  9  to  4  ;  sometimes  2,  pearly.    Foe- 
ture  sometimes  straight  foliated,  more  commonlj  sphc* 
rical  curve  foliated.     Threefold  cleavage,  like  calcii^ 
otts  spar.    Fragments  rhomboidal.    In  granular  disttnct 
concretions  of  all  sizes,  and  in  straight  lamellar  osocnu 
tions.     Transparency  2,  1 ;  of  the  crystals  3.    Scrstdu 
es  calcareous  spar.     Frangibility  2.     Specific  gravity 
2*837.     Effervesces  slowly  in  acids. 

A  variety  of  this  mineral,  hitherto  foand  only  ia 
Hungary  and  Transylvania,  has  been  distinguished  i^ 
Werner  as  a  subspecies,  under  the  name  of  JUrma 
brown  spar*  Colour  flesh  red.  Massive.  Lustre  I. 
Fracture  straight  and  diverging  fibrous.  Fragments 
splintery  and  wedge-shaped.  In  other  characters  it  re- 
sembles common  brown  spar. 


*  Kirwan,  i.  105.— Brochant,  i.  563.— Hiuy,  iL  175.— Janem^  • 
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lis  mineral  was  fimt  particularly  noticed  by  Dolo- 
kieiv  01^  account  of  its  superior  harshness  to  granttliir 
lD«iton«|  ftnd  the  slowness  tvith  which  it  effervesced 
p  acids.  It  was  long  considered  as  a  vanety  of  com- 
mon limefitone  ;  from  which,  howcvc/,  it  difl'crs  essen- 
iw  \n  its  composition,  as  was  first  shown  by  Mr  Ten- 
It  occurs  abundantly  at  St  Gothard,  in  the  Ap* 
is  and  other  primitive  mountains* 
lour  greyish  white,  sometimes  inclintng  to  yeU 
white.  Massive*  Internal  lustre  2.  Fracture 
kS  foltated>  but  is  not  easily  discovered^  on  account 
the  smalJnessof  the  distinct  concreiions^  Fragments 
ium«cdgcd*  In  Ane  granular  distinct  concretions^ 
^■iparency  I.  Semihard*  Frangibility  2*  Feeh 
^m  and  meagre.  Rather  heavier  than  limestone; 
l^ecific  gravity  2*633  t*  Does  not  phosphoresce  when 
rated. 

I*  10.     Rhomb  Spar^  or  Bitter  SparX. — Muricalciit. 

This  mineral  occurs  in  chlorite  and  similar  rocks  in 
cvitzertandf  tUe  Tyrul,  Sweden^  Scotland,  Stc^  and  i% 
ways  crystalli^ted.  Its  constituents  indicate  that  h 
-»f»  the  vame  relation  to  the  preceding  species  that 
areous  spar  does  to  granular  limestone, 
louri  greyish  and  yellowish  white^  yeliowishgre/. 
lys  ifi  middle^siz^ed  rhombs,  similar  to  the  primi- 

L  .- 

r~^"Kirtraii,  i,   iti»— ttittf,  ii,   i>j.— Jamctoni  «.  6o6.— Khprotft, 
lehkn'*!  /Mrn  ii  t»6 
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Om^  'il  ^^^^  cry^ttl  of  calcareous  spar.  Lait^  4^  betwen  vi. 
treous  and  pearlj.  Fracture  ttraigkt  fiAatedy  with  a 
thrceficM  deaTige ;  crdii  fracture  oaeveli  «od  MpajdM 
flat  concboidal*  Traoapveocj  bulwuen  s  api  % 
Scratchca  caloareoos  apiur*  Bcittloto  Fr«iigihi%& 
Specific  gra^itj  s^480. 

Thia  attnenil  occara  chieflj  iu  beda,  aligmariin  wi 
the  oldest  floetz  gypsum,  and  ia  fboiid  ia  cooaidHHi 
^  quantity  in  the  district  of  Manafeld,  in  Thocingin*  -& 
lour  wood  brown,  paaaing  into  jdlowxab  hwwneii 
-brownish  black* .  Massive.  Internal  Iqatsa  tesAli 
.1.  Fracture  conunonly  earthj,  and  vcryt  iWHil  -s|S^ 
lery ;  aonMtimea  showa  a  tendency  todatj. .  ThlM 
/rariety  baa  a  cdochoidal  fracture.  Fragmanaa' 
aiinate  and  alaty.  Sotoetianeli  in  veij  aaudl 
•diitind  eoncretiena* '  Transparency  i,  o. 
6,  7.  Fraogibility  5.  Specific  gravity  2*712. 
rubbed,  emits  an  urinous  smell. 

Sp.  12.     Marl\. 

A  mixture  of  carbonate  of  lime  and  dayv  ii 
:  the  carbonate  considerably  exceeds  the  other  tag 
u  in  common  language  caUed  marl.  Mr  Kirwaa  tii 
divided  marla  into  two  varieties :  1.  Thoae  arlikii  es^ 
lain  more  silica  than  alumina ;  2.  Thoae  wbidh  m^ 
tain  snore  alumina  than  ailica.    He  haa  eallad  AafiM 


a  KirwtD,  1 89.^BrocliBnt«i.  567*— Htay,  fi.  tl 
f  Kirwan,  i.  94.— Brochaot,  u  j6f^*-»lfaa7»  ku 


itTumiroufi  Karl  slate. 

'  sSiceouf,  the  second  nrgillacnmi  marls.  At- 
Uon  (hould  be  paid  to  this  diatincfion  when  marls  are 
d  as  a  manure  Werner  divides  marls  into  two  sub* 
cies,  earthy  and  indurattd  marl* 
^ubtpicifx  J  •  Earthy  MarL  Colour  yellowish  grey* 
mposed  of  dull  dusty  particles*  Feeh  rather  mcagrit* 
to«Kflle«  Sometimes  loose,  somerimes  eoheritig. 
^tAiffcies  2.  Indurated  MarL  Occurs  in  the  floctz 
te  8od  coal  formations*  Colour  frey»  sometimes 
lowish  grey.  Massive.  Lustre  0  ;  somttimes  1, 
m  foreign  particles.  Fracture  earthy  ;  sometimes 
iftlcry,  or  imperfect  blaty.  Fragments  intletermi- 
e,  partly  slaty.  Transparency  0  or  l.  Yields  to 
nail.  Not  particularly  brittle,  Frangibility  4* 
ttific  graviiy  from  1*6  to  2*817.     Mells  before  the 

fpipe  into  a  greyish  black  glass.     Falls  io  the  air« 


Catboiurc*. 


Bittiminoui  Mori  Shir  ^. 


5*^.  13. 

is  mineral  occurs  in  bed^  along  with  the  oldest 
limestone.  Ohen  intermixed  with  ores  of  cop- 
'.  Contains  a  great  number  ot  petrefied  fish.  •  Co* 
If  greyish  or  brownish  black.  Massive.  Fracture 
rred  or  straight  slaty.  Lustre  I,  2,  3.  Fragments 
t#»*  bptqne*  Hardness  4.  Feels  soft.  Frangibi* 
ir*4.  Sectile.  Moderately  heavy.  Streak  shining, 
rervesccs  with  acids.  Bums  before  the  blow-pipe, 
ms^g  black  scoriae. 


TOE 
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six  preceding  species  may  be  considered  as  com- 
ons,  or  mechanical  mixtures,  of  carbonate  of  lime 


*  GnraD,  L  loj,— Brocfcanc»ii.  574.— 
Z2 


I.  ^19, 


^5^ 


ILIK£  STONED 


with  sdcne  other  subsUnce,     The  followiop 
bibiu  a  view  of  their  cotisttrucnts,  as  far  m.% 

I.  Brown  spar  is  carboiiaie  of  lime  com bcaail  i 
the  oxides  of  iron  and  manganese* 

32.  Dolomite  and  rhomb  ipar^  carbonate  of  Itll 
bined  with  carbonate  of  mngnesia* 

Jl.  Swincstonc,  suppo^d  to  be  carboQaie  of  UftieeoB- 
bined  with  sulphurctcd  hydrogen* 

4*  MarUy  mixiyres  ef  carbonate  of  lim^  Vkiih  dijr* 
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This  family  is  divided  by  Werner  into  three  species ; 
tiut  the  two  first  are  %o  intimately  cotmecied  that  it 
^ould  be  better  |)crhapfi  to  consider  theno  gniy  as  sub- 
species. 

S/>.  1.     jipatitt  •. 

This  mineriil  occurs  in  tin  veins,  and  is  found  in 
\  Cornwall  and  Germany.  Werner  first  cox»stituted  it  a 
©cw  species,  and  gave  it  the  name  w  hich  it  bears  !• 

Colours  white,  green,  blue,  and  red,  of  various  sl^ades  -- 
as  grcjish,  reddish,  yeUowj«>h,  and  grcrnish  while  ^ 
asomitain,  seladon,  pistachio,  and  leek  green  i  rote  and 
flesh  red  ;  pearl  grey  j  violet,  lavender,  and  indigo  blue^ 
yellowish  brown*  All  the  colours  rather  Tight.  Most<> 
ly  erystalli:^d.  The  primhive  form  of  its  crystals  is  a 
rcguli^  six*stded  prism.  Irs  integrant  molecule  is  a  re., 
golar  triangular  prism,  wfiose  hefght  is  to  a  side  of  its 
Ibase  RS  1  to  V  2  t.  The  sis*&ided  prisms  are  always 
loWp  and  sometimes  pass  into  the  six-sided  table*  Ls. 
teral  edj^es  and  angles  sometimes  terminal,  frequently 
Truncated*  Lateral  faces  usually  longitudinally  streaks 
<d  4  acuminating  faces  smooth.  External  luitre  4$  in* 
fcmal  3,  resinous,  approaching  vitreous.  Fracture  im- 
perfect foli  sited  ;  cleavage  fourfold,  as  in  the  beryl. 
Cross  fracture  uneven,  approaching  small  conchoidah 


I  Ktfwan,  i.  t^l^Brochaiit,  i.  jSa— H«U7,  ii.  134.— juneton,  r.  5j6. 

f  l-Tom  ai?«7c^t  bccaoic  it  lud  been  errvoectitli  arruij^cd  aloDg  with 
jSther  minersls. 
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IVtokTtt* 
Chip,  11. 


Th«  masfive  in  cosrse  granular  coorrettoiia*  Tra&v 
parency  4  to  2.  Cnuset^  single  refraction.  Hardoe» 
0  to  T  ;  scratched  by  fluor  spar.  Brittle.  Fnngibili. 
tj  4.  Specific  f;ravu)r  between  2*ai4  and  5*2.  Pll0l< 
phorc^ces  on  hot  coals. 

Sf.  2.     Asparogus  Stme  •. 

This  mineral  ha»hit>tcrio  been  found  only  at 
ra  in  Murcta^  a  province  of  Sp:  in.  It  waa  titis  speoei 
which  Rome  de  Li&le  and  tho  other  Frencli  dienuHi 
coniidered  at  a  chrysolite. 

Colour  aiparagiu  green,  someiinacs  patving  togfpoi* 
tsh  white,  or  pistachio  green  {  aoraetimca  between  ofa^ie 
aad  yellowish  brown.  Always  cryttalUzed  to  ifik 
angular  tix*uded  prisms^  obtusely  aciiiDif»t€d  bjai 
planes  let  on  the  lateral  planes  ;  Uteral  edg^m  trmcaad. 
Planet  longitudihally  stre^ked^  also  unooth.  Cryitiii 
complete.  Internal  lu&tre  3,  4»  vitreous.  Fractvrvcoiu 
cealed  foliated,  passing  into  uneven.  Tnmaparenc^  tr 
some  times  nearly  4-  Seniiliard»  approaching  feft. 
Frangibility  4.  Brittle.  Speciie  gravity  3*00$. 
not  phoipborcice. 

Sp.  3.     Fhospbcriui^ 

Tbia  Bitneral  forms  great  beds  in  the  prcmoce  i 
tremadura.     Colour   yellowish  white  i    olten   apoil 
yellowish  grey.    Massive.    Intcnuil  lufire  ip  0.    Fia^ 
Hire  imperfect  curved  foltat^^  inclintog  to  the  flortkxm 


t  BrudMOt,  1.384,— Bat  rand,  " 
anvji  t6i#-^Jaincsefi>  Vi*  $y^. 
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ttHid^  I  $oiii€tiifies  passes  to  coarse  ©arthy.    Fragmeiils    ; 
lldiit-ed^d.     Tends  to  thick  lamellar  distinct  concrc-    ^ 
ions.     Transparency  1-     Soft,  approaching  semihard. 
Mttle.     Specific  gravity  2*814. 

I  There  is  a  substance  found  at  Kobolobanya  near  Szi- 
Mth,  in  the  county  of  Marmarosch  in  Hungary.  It  is 
in  carihy  matter  which  phosphoresces  when  heated, 
Emitting  a  pale  yellow  light.  This  property  induced 
Enineralogists  to  consider  it  as  a  variery  of  fluate  of  lime, 
ill  Hassenfratz  ajialysed  it,  and  found  it  to  consist  chief, 
y  of  phosphoric  acid  and  lime*.  Hence  it  was  con* 
lidered  as  similar  to  the  phosphorite  of  Estremadura. 
^eiletier  examined  it  soon  after^  and  again  restored  it 
)o  the  place  of  iluate  ;  having  found  it  a  mixture  of  flu* 
He  of  lime  with  silica  and  alumina,  and  a  little  phospho- 
ric acid,  muriatic  acid,  and  iron  f>  Klaproth  has  lately 
inalyscd  it,  and  shown  that  the  original  experiments  of 
Hassenfratz  were  accurate.  Of  course,  it  must  be  con* 
lidered  as  approaching  the  nature  of  the  phosphotnte  of 

Efiremadura.     The  result  obtained  by  Klaproth  has 
«n  inserted  in  the  following  Table. 

The  composition  of  apatite  was  first  ascertained  by 
Proust :  Vauqueljn  was  the  first  of  the  French  chemists 
^Ko  determined  the  composition  of  asparagus- stone.  I 
do  not  kjtow  whether  it  had  been  previously  atialysed 
iia  Germany.  Proust  iir^t  determined  the  composition 
<tf  phosphorite.  A  more  exact  analysis  was  afterwards 
made  by  Pc  lie  tier »  Bertrand,  and  Donadei.     The  fol- 

owtng  Table  exhibits  the  result  of  these  different  ex- 

pen  men  Is  : 


*  Aab,  d^#  CltM,  i  igft. 
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III*    FAvai  or  FiUArnu 

This  finmily  compr^hfinds  wAj  one  tprciea  { , 
Jbior,  which  Werner  divides  into  two  iubapecic** 
first  is  very  rare,  the  s^ond  v€Xj  common. 

Subspecies  1.  Compact  Fluor ^  It  is  found  io 
along  with  the  next  subspecies  in  the  Harts.  Cdooi/ 
greyish  white  ftnd  greenish  grey  \  soooelimct  indiiii^ 
to  blue  ;  sometimes  marked  with  yellow  or  red  spslh 
Massive.     External  lustre  0»  1  ;  inlcnial  l,  Yitmiti 


*  Klqirmh,  /mtt.  ie  Mh,  Na  :iaim  p.  s6. 

f  Klaprachf  Bettrage^  it.  194.  The  fpecuaen  was  fipoas  Wkg^ 
It  was  nmuTe,  of  tn  atptragot  grecii  colour,  ipedfic  gravilj  J-i9a 
Principtl  fracture  foliated,  ao»  fracture  coodiaidal. 

t  Vauquelio,  Jmr,  A  Mm,  Ibid.  {  PeUeticr»  BiiUwii.  mik  D^ 

an()ei,  7mw.  di  Plr.x.  xxxvli.  161.  (I  Klaproth,  JMr^,  tv.  366. 
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Fragments  sharp-edged.      Scratches 


Brittle.     Frangibility  4.  Moderately    ,-^,^^.^ 


Fracture  even, 
calcareous  spar 

Subsptciet  2-  /'A^or  jr^ar.  This  mineral  occurs  in 
bed«  iQ  the  prlmiiive  mountains,  also  in  veins  along 
%»ith  tin,  lead,  and  copper- 
Colours  verj  numerous,  being  various  shades  of  blue, 
green,  yellow,  white,  red,  black,  and  brown*  Several 
frequently  occur  together*  Massive  and  frequently 
crystallized.  The  primitive  form  of  its  crystals  is  the 
regular  octah{:dion  \  that  of  its  integrant  molecules  the 
regular  tetrahedron**  The  varieties  of  its  crystals  hi- 
therto observed  amount  to  nine.  These  are  the  primitive 
f>ctahedron  ;  the  cube  ;  the  rhomboidal  dodecahedron ; 
the  cubo-octaliedron^  whicli  has  both  the  faces  of  the 
^ube  and  of  the  octahedron  ;  the  octahedron  wanting 
the  edges  ;  the  cube  wanting  the  edges,  and  cither  one 
face,  or  two  faces,  in  place  of  each.  For  a  description 
and  6gure  of  these,  the  reader  is  referred  to  Mr  Hauy  f. 
Surface  smooth,  sometimes  drusy.  Lustre  of  the  first  4; 
of  the  second  2.  Internal  lustre  4,  vitreous.  Fracture 
foliated  ;  cleavage  fourfold.  Fragments  tetrahedral  or 
octaliedral*  Transparency  2  to  4.  Refracts  singly.  la 
}*ranular  and  prismatic  distinct  concretions.  Hardness  8. 
Brittle.  Frangibility  4.  Specific  gravity  3*0943  to 
3*191  X  ^  Its  powder  thrown  upon  hot  coals  emits  a  bluish 
or  greenish  light.  Two  pieces  of  it  rubbed  in  the  dark 
phosphoresce.  It  decrepitates  when  heated.  Before 
the  blow-pipe  it  melts  into  a  transparent  glass  {. 


•  Mavy,  Jttr.^  /Mm.  No.  xuvUl  jsj. 
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The  composition  of  pure  fluate  of  lime  is  aifollevij 


i 

t 

X 

Lime 
Fluoric  icid 

32'25 
07  75 

32*06 
07'M 

35 

65 

Tot^l 

100 

100       iioo  1 

IV.    Family  ok  Sutf hates* 


WER>iEit  dtTides  this  family  kito  fevir 
QUneTy,  gypnim^  sfleniu^  cubt^etr^  mtd  ^mhydrUf  ;  iMlt 
itm]»peari»  from  late  obser^^ations,  that  the  two  l«il  rai 
iaie  Mch  other^  and  should  therefore  be  only  sobifcgj^ 

Sj&*  l-     Gypsum  |[. 


This  mineral,  which  abounds  in  nature,  on 
four  different  situation!  in  beds  ;  nameljr,  in  rhc 
ffittivey  the  transition,  the  oldest,  and  the  second  flocti 
liroe*stone*     It  has  been  divided  into  four  subspecies. 

Suitpicifs  I*  Gypsum  Earths  Rare,  Found  in  tl 
earities  of  the  other  subspecies,  and  is  supposed  to 
deposited  from  water  filtering  through  them.  Colocr 
yellowish  white,  sometimes  nearly  snow  white.  Of 
the  consistence  of  meal.  Lustre  0.  Opaque.  ScirctI: 
sinks  in  water.     Is  not  gritty  between  the  teeth. 


I 


I  Rkht«r,  ■■  quoted  by  Kbprmfa,  Biih^t,  i».  |6l. 
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\Wf  and  m^iagre.  When  heated  below  redness^  it  be*  VwmSkfi 
es  of  a  dazzling  whUe. 
Subspichs  2.  Compact  Gypsum*  This  and  the  subfe* 
ueni  species  lie  over  the  oldest  fl  letz  lime-stone,  Co- 
ur  ash  grey-  Massive,  Iiiternfil  lustre  0»  1«  Frac^ 
ore  even ;  passing  into  fine  ^pHnlcrj.  Fragments 
lunuedgtd*  Transparency  l.  Hardnesis  4.  Specific 
aviij  about  ^'S,  Sectile.  Frangibility  3. 
Suhspeciit  3.  Foliated  Gypsum*  Thi&  minersl  bears 
lomc  rcsembliince  to  granulur  lime-stone,  but  is  much 
ifter.  Colours  white,  grey,  and  red  ;  sometinacs  yeU 
bw,  brown,  black,  of  various  shades.  Often  spotted, 
atsjve,  and  sometimes  in  conical  lenses  imbedded  in 
My*  Internal  lustre  from  3  to  2  ;  between  pearly  and 
iritreoQS.  Fracture  perfect  (somewhat  curved)  folia- 
ted;  single  cleavage;  sometimes  diverging  radiated* 
TragD[ienU  indeterminate,  blunt-edged.  In  granular  di- 
ipct  concretions  ;  the  radiated  in  prismatic  concretions. 
sparency  2.  Hardness  4.  Rather  sectile.  Fran- 
ibtlity  3.  Specific  gravity  from  2* 27 4  to  2' 3 10, 
Suhspfcies  4.  Fibrous  Gypsum,  This  mir.era]  lies  over 
the  variegated  sand-stone,  and  characterizes  that  for* 
doti.  Colours  various  shades  of  white,  grey,  and 
A,  Massive  and  dentiturm.  Internal  lustre  2  ;  some- 
times 3>  4,  pearly.  Fracture  parallel  fibrous ;  some- 
tiiDes  bordering  on  radiated.  Fragments  mostly  splin* 
lecy.  Tratisparcncy  3,  2.  Hardness  4*  Rather  sec* 
dk^'    Frangibility  5. 

i     This  species  includes  all  the  crystaUized  specimens 
[  of  sulphate  of  lime.    Foliated  gypsum  bears  ibe  saofte 

L 


tJLLlVI  tTOim. 

rcli^  lo  it  thtt  gniiQlar  Itmc^ttone  does  tea 
spar.  It  occurs  in  the  oldest  gjpsuon  fonnalii 
•ooMliiDCs  in  vebs.  Fine  specimens  are  fooad 
fbrdshire. 

Principal  eoloor  snow  white;  also  yellow 
grojish  white,  and  various  shades  of  grey,  jtik 
brown.  Massive  and  often  crystallised.  Th 
tive  form  of  its  crystals  is  a  four-sided  priaasi 
bases  aie  oblique  parallelograms^  with  angles  < 
i  48'  and  C6^  52'  12^  It  occurs  crystmlliied 
aided  prisms^  terminated  by  two-sided  or  Cm 
jummtts.  For  a  description  and  figure  of  its  v 
the  reader  is  referred  to  Rome  de  Lisle  ^  and  ! 

Intemi^  lustre  9,  4^  pearly.  Fracture  perfect, 
with  one  perfect  and  two  imperfect  clenvagea. 
menia  rhomboidal ;  sooietimes  in  granular  disti 
cretioos»  Transparency  4.  Refracts  doubly, 
ness  4«  Sectile*  Easily  split  into  plates»  wl 
eomewbat  flezii^le.  Frsngibility  9.  Specific 
;!*322. 

Sp.  3.  Cube^Spart. 
Anhydrous  sulphate  of  lime  of  Hauy-— ilfiw^ 
This  mineral  seems  to  have  been  first^noi 
the  Abbe  Poda,  who  called  it muriacite^on  the  i 
tion  that  it  is  a  combination  of  lime  and  muriat 
JFichtel  gave  an  account  of  it  in  1794.  Klapro 
after  analysed  it ;  but  mineralogists  did  not  paji 
attention  to  it,  till  Hauy  pointed  out  it 


•  CryttMg.  I  144. 

t  Ha«y,  hr.  348.^801111)011,  Joitr,  it  Mm 


ih  V6lume  of  Uh  Mincr&lopjr,  It  was  soon  after  de- 
by  Bournon.     It  was  fir&t  found  in  the  salt  pits 
lall  in  the  Tyrolj  afterwards  in  the  canton  of  Berne, 
^olpijio  in  Swetlen^  ficc. 

lotrmr  milk  white,  which  sometimes  passes  into 
rhh,  jellowifthy  and  reddish  white,  approaching 
rl  grej.  Massive,  and  cry&taHixed  in  fonr-sided 
%m^,  approachiDg  the  cube,  but  having  two  of  the  op* 
pte  lateral  faces  much  broader  than  the  other  twoi 
betimes  the  lateral  edges  arc  truncated,  which  con- 
ts  the  crystal  into  an  eight-sided  prism  ;  sometimes 
•  trui]cations  are  so  great  as  to  destroy  the  narrow  la- 
(rz\  facef,  and  then  the  crystal  becomes  a  six-sided 
prism  *•  External  lustre  of  the  broad  faces  of  the  crys* 
lal  4,  and  pearly  ;  of  the  narrow  2.  Internal  3,  4, 
pearly.  Fracture  perfect  foliated.  Cleavage  threefold 
and  rectangular.  Fragments  cubical.  In  granular  and 
lamellar  distinct  concretions.  Transparency  2.  Scratches 
calcareous  spar.  Frangibility  6.  Specific  gravity  from 
fi*850  to2'S)04t- 

^^  Sp*  4.     Auhydritt  t* 

This  mineral  has  hitherto  been   found  only  at  Sul« 

the  Neckar,     It  is  obviously  only  a  variety  of  ihe 

heeding.     Colour  smalt  blue,  which  passes  into  milk 

lite.     Massive.      Fracture  partly  imperfect  curved 

|ated,  whicb  sometimes  passes  into  radiated  ;   partly^ 

ntcry.     Lustre  3,  2,  pearly.     Fragments  indeterroi* 

i^ad  sharp-edged.     Shows  a  tendency  to  fine  gra* 


905 

Fsmilf  «f 
Stilphat^* 


rnon.  1  Boumon*  Hauy,  an*t  KUprofh, 

KctOTi,  it.  j57v«^llUprmh«  GtMru's  Jf^r*  ii*  $^7- 
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ffmA  m.    nular  distinct  concretions*   Transparency  2.    Semihstd. 
■^^'        Not  particiiinrly  brittle.    Frangibility  3.     Specific  g» 
▼itj  2*»40||||. 

The  following  Table  exhibits  a  view  of  the  conMi- 
ents  of  the  preceding  species,  resulting  from  the  noit 
accurate  analyses  of  them  hitherto  published  : 
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V.    Family  or  Borates. 

To  this  family  there  belongs  only  a  single   species , 
naoiely,  the  datholite^  a  newly  discovered  oiineral* 


La  Klaproth.  •  Bucholz,  Gehlen't  /w.  ▼.  160. 

f  Bucholz,  IbiJ.  p.  158.  X  Vauquclin.  Hauy,  iv.  349. 

\  Chcncvix,  Jt,ur.  df  Min,  siii.  419.  He  ^tate«  the  propurtioo  of  oK 
phoric  aetd  at  44'S8  ;  but  he  obtained  187  parts  of  aulphate  of  hirjta. 
Now  if  we  reckon  31  fer  tent,  for  the  proportion  of  aulpliBric  wddinthii 
5alt,  we  obtain  58  for  the  quantity  in  287  ports  of  mlphate. 

,';  Kbproth,  Gchlen's  Juur.  ii.  360. 

^  Kbproth,  Beitrjre,  iv.  23X.      The  ft 
•icond  from  HaQ  in  the  Tyrol. 

*  <*  Kbproih,  Oehleu'*  Jomr.  il.  359. 


ports  of  mlphate.  1 


This  tninaal  has  been  reccntlj  discovered  hy  Es- 
marky  near  ArendaJ  in  Norway,  For  the  discovery  of 
its  composition  we  are  indebted  to  Klaproth* 

Colour  greyish  and  greenish  white ;  sometimei 
mountain  green.  Massive^  and  crystallized  in  flat  rec* 
tifigular  four-sided  prisms,  having  their  angles  trunca* 
ted*  Crystals  small.  External  lustre  2  ;  interna)  3, 
between  vitreous  and  resinous.  Fracture  small  imper- 
fisct  conchoidal*  Fragments  indeterminate.  In  large 
and  coarse  granular  distinct  concretions^  which  have  a 
rough  glimmering  surface.  Semihard  in  a  high  degree* 
Transparency  3,  2 +.     Specific  gravity  £-DSO  J. 

From  the  analysis  of  Klaproth^  we  learn  that  thit 
mineral  is  composed  of 

Silica 36-5 

Lime 35*5 

Boracic  acid  24 

Water 4 


100  with  a  trace  of  iron. 


Gekus  IL     Salts  of  Barttes. 

This  genus  comprehends  only  two  species ;  namely, 
the  carbmaU  and  mlphaU  of  bary  tes,  the  latter  of  which 
IB  much  more  abundant  than  the  former* 
'  Sp^  l»     CarhonaU  of  Barytij^. — Withtnie. 

Thk  mineral  occtirs  at  Anglesark  in  Lancashire  in 


•  ICkproth,  GtHlcn'i  /uDr/tl.  I07, 

t  See  Karsicn,  Gchlcii**  lant.  vi.  loS.  f  KTipfoilu 

I  Kinraii,  u  1 34  — Br odiant»  i.  613.— Hiuy,  if.  309.-*-Ji»BTCion,  i!  5^  7 


tBi% 


^  Tciniy  wtiicb  trivene  the  MepewleAi  cod  fbtmatioii^ 
1%  was  dbcoTcrcd  byDrTK^theriog  i  hoioe  Wenscr  h^ 
jnreo  it  the  name  of  Witheriu.  tffloall j  iii«asve»  hil 
eoBetioBes  cr]rstallized.  The  crTStals  ftrc  iwiy  mb^ 
and  nure.  Heatoe  thor  prioiitive  form  h«s  not  been  ii> 
oertaioed.  They  are  tix-iidedl  pmitt%  tetminsled  bjr 
ttx^sidcd  pyramid^  or  dooUe  aiz-slded  pjrttoiidk  fi^ 
Icmr  TelUmith  grey.  Principal  fracture  interadm 
between  fidiiMed  and  radiated  |  cross  fracture  iyii^g». 
FragmenU  wedge-shaped.  Lustre  of  the  prtiictpal  Aac> 
tiire  fi ;  of  the  cross  1,  resiooiii.  Masnve  varictm 
composed  of  wedge-shaped  distinct  concrefkiii,  pim| 
'  Uto  coarse  grannlar.  Transpereo^  2  to  S.  HaidDm 
5  to  G.  Brittle.  Specific  grtyi^  4*3  to  4  9SS»  ftao* 
gtbilitj  4.  When  heated  it  becomes  op«ctiie.  lis  pow- 
der phosphoresces  when  thrown  on  bfiming  coaii  ^. 

According  to  the  analysis  of  Ulaproih^  the  coaidti* 
oits  of  this  mineral  are  as  follows ; 

Carbonate  of  barytes  . «  g8*240 
Carbonate  of  strontian . .  1-7C3 
Alumina  with  iron  ....  0*04!! 
Carbonate  of  copper ....     0*008 


100*000  X 


Sf.  2.     Su^baie  of  Bmyt€s\. 

Poniertmi  spar^Bwrotibmie* 

This  mineral  is  found  almost  alwaya  io  veins^  sotf 

frequently  accompanies  metallic  ores  %  somotimesi  bow. 

ever,  it  occurs  in  beds  and  imbedded.     It  is  aomednes 


•  Watt,  junior,  Jamctoii*t  Min,  L  57^  f  Haaf • 

%  Beltragi.  ii.  U.  \  KirwiB,  i.  isB^BfoclMt,  L  %ij^ 

Htsy,  II.  f  95.— JimetoD,  i.  59?.. 


In  powder,  often  in  amarpHou^  inaisest  and  ofteti  crys* 
taUized*  Tlie  primitive  form  of  its  crystals  is  a  rec- 
tangular pristDt  whose  bas«s  are  rhombs,  with  angles  of 
101^  aO'  and  78**  3t/ *•  The  varieties  of  its  crystals 
mmotuit  to  14*  For  a  description  and  figure  of  them  I 
refer  to  Rome  de  Lisle  f  and  Hauy  %.  The  most  com« 
mon  varieties  are,  the  octahedron  with  cuneiform  sum* 
liiit%  the  six  or  four  sided  prism,  the  hexangular  table 
irith  bevelled  edges.   Sometimes  the  crystals  are  needle* 

Lustre  from  0  to  2,     Transparency  from  2  to  0  ;  m 

SOfitte  cases  S  or  4-      Hardness  from  5  to  6.      Specific 

^gravity  from  4*4 to  4*5*      Colour  commonly  whiie^ 

I  ivnth  a  shade  of  yellow,  red,   blue,  or  brnwn-     Whets 

,  lieated  it  decrepitates.     It  is  fusjble^er  se  by  the  blue 

flame  of  the  blow-pipe,  and  is  converted  Inro  sulphuret 

<if  barytes*      Soluble  in  oo  acid  cJLCt.pt  the  mlptmrici 

and  precipitated  from  it   by  water*      Werner  divides 

this  species  into  eight  subspecies ;  namely,  mrtby^  com^ 

\  pactf  granular f  curved  lamciiar^  straight  lapiilUr^  cso- 

htmnar^  prismatic ^  an  d  bolt^gnest.     For  a  m  i  n u  te  d  t'  %cri  p* 

tion  of  the^e  subspecies  I  refer  the  reader  to  Professor 

Jameson's  Mineralogy* 

The  granular  subspecies  is  one  of  the  rarest*     It  has 

considerable  resemblance  to  granular  lime-stone  ;  but 

is  easily  distinguished  by  its  greater   specific  gravity^ 

which   amounts  to  4*380.     A  specimen  from  Peggau, 

.  analysed  by  Klaproth,  was  composed  of 


♦  Hiuy,  £jf*f  Aw  Tbtttie^  p*  rt9v 


\  tbid.  and  Ahu,  Jt  CUm*  lii.  %,  md  Mmtr*  il.  198. 

m  fr.  A  a 


t  Crytiat,  1 18S* 


*  yr«  SALINE  sTomet. 

Bookni.  Snlphate  of  barytes 90 

-'"'■^-  SiUca .:..........  10 

100* 

Genus  III.    SxRoyTiAif  Salts. 

Tms  geotts  contains  only  two  species;  naadfiAe 
carbonate  and  sulpbate. 

Sfi.  1.     Carhanate  of  Sironttaa^^StrofUiamie* 

This  mineral  wss  firit  discorered  in  the  lead  ohm  d 
Strontian  in  Argyleshire  ;  and  since  that  tiooe  itiisad 
to  have  been  discovered,  though  not  in  great  abimdsBa^ 
in  other  coon  tries.  It  is  found  amorphous  and  alas  c^s- 
tallized  in  needles,  which,  according  to  Haaj,  are  n. 
gular  six-sided  prisms. 

Colour  between  asparagus  and  apple  green,  sooSi 
times  greenish  white.  Principal  fracture  is  radiald^ 
the  rays  diverging  ;  cross  fracture  uneven.  Lustre  of 
principal  fracture  3,  2 ;  of  cross  fracture  S,  pearfy. 
Transparency  2.  Hardness  5.  Specific  gravity  fnm 
3*4  to  3*675.  Does  not  decrepitate  when  heated.  Be. 
fore  the  blow-pipe  becomes  opaque  and  white^  bat  does 
not  melt.  With  borax  it  effervesces,  and  melts  into 2 
transparent  colourless  glass.  Effervesces  with  nnri. 
atic  acid,  and  is  totally  dissolved.  The  solution  Unps 
flame  purple. 


«  KUproth*s  EiJsyst  u  376«  Eof .  Tramlt 


SULPfiiin  or  STMOVTf AK. 

S^.  3*  Sulpbait  of  Slrxmtian'^Ctlistmi. 
This  tninerft]  has  been  foujid  in  PenDsyliraottiy  in  Ger* 
fp  'in  Franee,  in  Sicily,  and  Brttaitu  It  was  first 
►TCTcd  near  Bri^ol  by  Mr  Clayg^rld.  There  it  tJ 
md  in  such  abundance^  that  it  baa  been  employed  in 
Eadrn^  the  roadt.  It  occurs  often  massive^  but  fre- 
tntly  crystallised.  The  primitive  form  oC  its  trya* 
is  a  fouf«sided  prism,  whose  basses  are  rhombs,  with 
^lea  o€  104*  48  and  75*^  12.  The  varieties  of  its 
hitaJiv  89  deMrribed  by  Hauy^  amount  to  seven** 
ey  ttiay  be  rtfenred  lo  four  or  six  sided  prisms^  ter<- 
nated  by  two,  four^  rr  eij^bt  i^ided  summits.  Scratches 
^qarcous  spar^  is  scratched  by  fluor  spar.  Specific 
pviiy  from  3*5627  tu  3*P5Bl.      Causes  a  double  re* 

on.      It  may  be  divided  inio  thrte  subspecies  f. 
^StAspeeitf  1.      Compact  Sulphate,     This  mineral  it 
WeA  in  Monrmarire  near  Paris*      Colour  yellowisti 
Found  massive  in  round    pieces.      Lustre  0* 
racturc  fine  splintery.    Opaque*    Frangibility  4*   Sec- 
Specific  graviiy  9*5  to  3*595-      Contaias,  ac* 
rding  to  Vao^oeliiiy  91*42  sulphate  of  strontiaD 
6*33  carbonate  of  limt 
0*25  oxide  of  iron 


P  100-00 1 

liptciis  2-   Fibrous  Sulphate*     Colour  between  iiu 
blue  and  bluish  grey  ;  sometimes  passes  into  milk 
Vbite.     Massive  and  crystalllred*     Lustre  of  longi^ 


•  Mhtr,  iU  3r5. 


t  Brodum,  t,  64a* 
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tudinal  fracture  3  ;  of  cross  firacture  2,  betweto 
and  resinous*  Longitudmml  fmctore  folmted;  tjm 
friicture  iibrouK.  Fragments  tpltntcr^.  Uasateadcfe 
cf  to  prismatic  distinct  coDcretioni.  Fraagibilxt]^  4 
TranspBTcncy  2*     Specific  gravit/  S*83. 

Suhsftciis  3.  Foliatid  Sulphaie.  Colour  milk  utti^ 
often  falling  toto  blue.  Found  masaive  and  ia  oji* 
lals.  Crystals  grouped.  Lut tre  of  ihe  crjitab  1  lo 
4.  Their  texture  atraight  foliated.  Tranaparoq'f 
to  4.  Fouod  in  Sicily  and  in  Britain*  Thia  avbfMiBi 
has  lately  been  divided  by^  Werner  iota  two  %*arietiG^ 
the  tabular  and  the  prismatic  i  for  a  descriptioQ  (f 
which  the  reader  is  referred  to  Professor  Jumcaoo ', 

Gehus  IV.    Mackcsiak  Saints, 

.  iTeis  genus  contains  three  species ;  the  sulphAte^  m* 
bcciate,  and  borate. 

Sp*  1*     Sulphate  of  Magnetui* 

.  This  salt  it  frequently  found  effloreacod  oa  the  lO^ 
face  of  focka>  walls,  &c,  in  different  paita  of  the  wodL 
KJaproth  has  shown  that  the  substance  from  bbtay  dti* 
tinguivbed  by  the  Germans  by  the  name  of  BtanAf 
is  sulphate  of  magnesia  nearly  pure  f . 

Sp,  2-     Carbonate  of  Magmtim* 

If  the  analysis  by  Mitchf  11  and  Lampadtnt  of  (be 
native  magnesia,  described  in  page  320th  of  this  ?olsii% 
be  correct^  it  is  in  reality  a  carbonate  of  magoesS|  lal 


•  Uimtthsft  il  607. 


\  Mtrmgi^JSim^ 


lORATE  or  MACKESIA. 


»9q 


lonld  be  placed  here  ;  but  as  the  specimen  eximxned    ^^i 
by  Giahert  gave  a  di^erent   result^  and  as   it  is  con. 
lected  with  the  soap*stone  family,  the  other  seemed  at 
areseot  the  preferable  situation. 

Sp*  3*     Borate  of  Magnesia  * — Boracite* 

[lis  mineral  has  been  found  at  Kalkberg,  near  Lune« 
ficatcd  in  a  bed  of  gypsum •     It  it  crystallired, 
priniitive  form  of  its  crystals  is  the  cube  f.     In 
neral,  all  the  edges  and  angles  of  the  cube  are  trun* 
sometimes,  however,   only  the  alternate  angles 
truncated  t*     The  size  of  the  crystals  does  not  ex- 
half  an  inch  ;  usually  much  less. 
Internal  lustre  2,  3,   between  adamantine  and  vitre- 
Fracture  between  imperfect  small  conchoidal  and 
•grained  uneven.    External  lustre  3  ;  Internal,  greasy 
Transparency   From  2  to  3.     Hardness  8.     Speci- 
r^avity  2*56C.    Colour  yellowish,  smoke,  and  grey- 
nvhite;  sometiTies  passing   mto  greenish  white  and 
dgus  green.     When   heated  it  becomes  electric ; 
be  angles  of  the  cube  are  alternately  positive  and 
itivef.      Before  the  blow-pipe   it  froths,  emits  a 
ecmsh  li^hi^  and  is  converted  into  a  yellowish   ena- 
Eiel#  garnished  with  small  point%  which,  if  the  heat  be 
itiniied,  dart  out  in  sparks  ||. 

Besides  borate  of  magnesia,  Wcstrumb  found  in  it 
Icnc  in  a  considerable  quantity  ;  but  a  more  recent  ana* 


Sahfc 


ribttr.  J*^r,  it  Mm,  No.  «viii,  ^2S*  {  Hauy  and  Wcstruml^. 

I  ftoy.  Ibid,  and  Jmi**  d*  Chim*  in*  ^9* 
I  Lc  LicYre,  /««r*  4(  Mm*  Ibiil. 


9<t4  MXJiiB  fTonas. 


sir.    l«|3i  of  VftaqueUn  and  Scimiidt  hM  riNMrB»  teAe 
Cfan.IL  .        .      •  .      .  *•  • 

l^     -   lime  was  tnerelj  mixed  m  the  state  of  m  carbonate:  fi^ 

bablj  it  diiappeart  in  the  pnre  spediBens* 

Gewus  V.    Alumikous  Salts. 

This  genus  comprehends  three   species; 
MuUiitp  and  cbriohte. 


Sp*  1*    Alum. 

This  salt  is  found  in  crystals^  soft  loasseii  1^0^ 
fcc.  encrustbg  coal,  alum-slate,  &c. 

Sp.  2.    MeUiif*. 
Homystom — MeUate  of  Alumima^ 

This  mineral  was  first  observed  about  ten  jcsif  y 
in  Thuringisi  between  layers  of  bituminous  wood  nl 
earth  coal*  it  is  of  a  honey-yellow  colour  (bcsoe  ill 
name),  and  is  usually  crystallized  in  small  octslicdim 
whose  angles  are  often  truncated.  Surface  uaootk 
Lustre  4.  Transparency  2.  Refracts  doubly.  Ffi^ 
ture  perfect  conchoidal.  Hardness  5.  Speciic  f^itj^ 
according  to  Abich,  1*666.  When  heated  it  whiios; 
and  in  the  open  air  burns  without  being  sensibly  chs* 
red.  A  white  matter  remuins,  which  effervesces  slighl|f 
with  acidc^y  and  which  at  first  has  no  taste,  but  at  ksft 
leaves  an  acid  impression  upon  the  tongue. 


a  Emmerliog*!  UMuctf  ii.  89.— Wiedemio't  HamSuUt  ^Hhl 
Ainch,  Crc\V$  AuMoit^  I797»ii*  3-— Vauquclin,  jUm,  ^/CMB.ims| 
«-KUprmh,  Btitr.ige,  iii.  115— Krwan't  Mm.  li.  68 — KanMS,ilB| 
Ittk,  ii.  335«— Brocbaot,  ii  73«— Hiof*  vL  335>— Jamenfi,  u.  ft. 
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Sf*  3.     CbriatUi  ^. 

Fh^e  ofSoda-and^Ahimina* 
This  miDeral  has  hitherto  been  found  ia  Greenland 
nljr;  from  which  it  wa^  brought  to  Copenhagenp  where 
laj  eight  or  niae  years  unnoticed,  till  at  last  it  was 
malysed  by  Abelgaard.  The  primitive  form  of  its 
Irystals  seems  to  be  an  octahedron^  whose  faces  are 
•osceles  triangles.  Its  colour  is  greyish  white.  Frac- 
Ifre  imperfect  foliated.  Fragments  cubic  or  tabular^ 
Vausparency  2.  Hardness  inferior  to  that  of  filiate  o£ 
Line.  Brittle.  Specific  gravity  2*949.  Melta  before 
reaches  a  red  heat,  and  when  simply  exposed  to  the 
\me  of  a  candle  f.  Abelgaard  analysed  it,  and  ob- 
lioed  fluoric  acid  and  alumina,  Klaproth  has  lately 
o^ed  that  it  contains  also  soda*  The  resiilt  of  his 
bftlysis  is  a^  follows  : 

40*5  fluoric  acid  and  water 
36*0  soda 
23*5  alumina 


This  aualy&is  has  been  confirmed  by  Vauquelin. 


Akimiaom 
Silt* 


«  Am*  it  €hlm*jxvi\u  87.  i&d  89^— /0«r.4ePi^,  111.  35.— *Hioyp 

id.  tUx.  46i.--Ji»cio<i,  G.  J58.  * '.        {  . 

t  Hence  Its  oiOK  from  a^ va;  and  uU%%  w  if  it  mcbcd  ii  euiJj  at  ace* 


CLASS  n. 
SALTS* 


U]rxit&  ihii  Clfttt  I  comprehend  all  the  oomlnatiaii 

of  elkaliet  with  acids  which  exist  in  the  mincrtl  kii|^  J 

dmn.    Thej  cob'slifate  the  fdlowng  genera  tail  fi^ 

cias* 

'  *   '  Gnrva  L  PoTAaH.     .     - 

*  5)^.  1.  Nitrate  of  potariif 
GEVimll.  Soda.  .   .   :  ,  . 

^.  1.  Carbonate  of  tcrfa^ 
'     1.  Siilp^ie  of  sodo^ 
3*  Glsoberite, 
4.  Mariate  of  sodtf 
5*  Borax* 

GekxjsIII.  Ammonia. 

'  *  '     ■  •.       • 

Sp.i*  Miiiriate  of  ammoaiaf 

Genus  I.    Salts  of  PoTAa9# 

Sp.  1.     NUrati  ofPotaA. 

This  salt  is  found  native,  mixed  with  nitrate  of  linc^ 
muriate  of  potash,  and  other  impurities,  encrusting  dn 
surface  of  the  earth,  in  different  parts  of  lodaa,  the  G^e 
of  Good  Hope,  Peru,  Spain,  Molfetta,  &c.  It  is  sdoiI 
tommonly  in  fine  capillary  crystals.  Sometimes,  thoof^ 
raxelyi  massive  or  in  six-sided  prisais.     A 


Gekus  II.     Salts  of  Soda. 

^.1*     Carbonate  of  Soda, 

This  salt  is  found  m  Egypt  on  the  surface  of  the 
eailh,  and  on  the  margin  of  certain  lakes  which  become 
dry  durirg  the  summer.  It  has  often  the  appearitDce 
of  a  rough  dubtj  powder,  of  a  grey  colour  and  alkaline 
lMte»  It  occurs  in  China,  where  it  is  called  kien  ;  near 
Tripoli,  where  it  is  denominated  irona  /  and  likewise 
IQ  Hungary^  Syria,  Persia,  and  India*. 

There  are  two  kinds  of  it  j  the  suhcarbonate,  which  is 
to  greyish  or  yellowish  white  flakeSj  and  the  carbonate, 
which  forms  solid  radiated  masses  composed  of  acicular 
^ry stals^  and  has  hitherto  been  found  only  in  Africa* 

A  specimen  of  the  first  kind  from  Egypt  was  found 
|»j  ^aproth  to  consist  of 

32*6  dry  subcarbonate  of  soda 
20*8  dry  sulphate  of  soda 

Er  15*0  dry  muriate  of  soda 

r  31*6  water 

L 


100*0 1 


•  Kamn'tMm,U.^ 


iB^irtgf,m,to* 


^ki|j-       A  specimen  of  the  second,  or  fibroosenrboatle^firais 
-^^     .  ^^  interior  of  Africa,  yielded  the  same  chemist 

37*0  soda 

38*0  carbooio  acid 

22'5  water 
2'5  sulphate  of  soda 


100*0  * 


Sp.  2.  Su^hate  of  Soda. 
This  salt  is  found  in  Austria,  Hungary,  Stiria,  Swiu 
zerlandy  and  Siberia,  always  in  the  neighbourhood  of  s 
mineral  spring.  It  occurs  usually  in  the  state  of  pow- 
der, sometimes  msbsive,  and  even  crystallized  in  needies 
and  six-sided  prisms.  Colour  greyiah  or  yeDowifb 
white. 

Sp.  S.     Glauberiu\m 

This  mineral  has  been  lately  discovered  in  SpUD^ 
at  Villarubia  near  Ocanna  in  New  Castile.  Iti  crys- 
tals are  sometimes  solitary,  sometimes  in  clusters,  and 
disseminated  in  masses  of  salgem.  Always  crystalliicd. 
Crystals  in  the  form  of  an  oblique  prism  with  a  rhom- 
bic base.  The  angles  of  the  parallelogram  constim- 
ting  the  base  are  76^  and  104^.  The  angles  of  ind- 
dence  between  the  parallelogram  of  the  base  and  the 
adjacent  sides  are  142^  ;  that  between  the  base  and  the 
edge  contiguous  to  the  acute  angle  of  the  base  is  154^. 
The  faces  of  the  base  smooth^  those  of  the  sides  longi- 
tudinally striated. 


*  JitUrtfgii  ill.  p.  67.         t  Brogmart)  MichaliQB*a  ^Mrn  vu9»  Cj. 


ALAUBEllITS-^MAJltlATE  OF  SODA* 

The  crjst&U  irr  of  s  light  topox  jcllow^  iod  reUtn 
their  soliditj  and  transpai encj  in  the  air  if  they  have 
not  been  wetted-  Harder  than  sulphate  of  limei  but 
softer  than  calcareotis  spar.  When  heated  it  splits  ; 
repitates  and  melts  iiuo  a  white  enamel.  Immersed 
waber  it  soon  becomes  labite  and  opaque*  When 
taken  out  of  the  wata'  and  dricd^  il  does  not  resume  its 
Bcy  ;  but  the  white  coaltlig  falls  to  powder, 
rubbed  ofFdi&corers  the  ttncleus  unchanged* 
Specific  gravitj  ^'15,     Composed  of 

51  anhydrous  sulphate  of  sodm 
4P  anhydrous  sulphate  of  Itme 


J79 


100 
contains  no  water  of  crystallixation, 

Sp^  4*     MuriaU  ofSQda*  ' 

Common  salt  is  found  in  immense  masses  under  the 
earth's  surface  in  many  cauntritfs^  particularly  in  Po- 
land, Hungary,  England,  &c-  Near  Cordova  in  Spaia 
there  h  said  to  be  a  mountain  of  common  salt  500  feet 
iglt,  and  nearly  three  miles  in  circumference.  It  oc- 
irs  in  beds^  which  are  usually  very  short  and  thick, 
Ekd  lie  over  the  oldest  floetz  gypsum  formation  *• 
Terncr  divides  it  into  two  siibspecte^  ;  namely,  rack 
uU  and  iaie  salt.  The  latter  is  salt  deposited  at  the 
:>ttom  of  lakes,  Rockialt  be  subdivides  into  two  va* 
rieties,  from  the  fracture  and  appearance  ;  namely^y^- 
liattd  ^ni  Jibrous,   For  a  particular  description  of  these 


*  Jamctoo**  Mim,  iL  t^* 


8M  ittTl*  ■•  , 

fhe  ndkr  b  nSonU  to  PffofiBMr  JtOHMD's  ICiiq, 

alogj^* 

» 

This  mioecil  ii  fimiidia'  difierent '  parts  of  Thiki; 
8ec.  It  is  ososUj  mind  with  foreigii  bodies ;  thtc  of 
Persim  is  in  huge  cfystsls^  codosed  in  a  fistty  mmer. 
The  primitive  form  of  its  cry  stab  u  a  rectangular  prbm, 
limit  ooours  osoallj  in  six-iided  prisms,  whose  edges 
^  yariouslj  trancttcd.  Its  coloor  is  grejuh,  yellov. 
bhy  or  greenish  white.  Fractare  foliated  or  coochddiL 
Trsnsparenrir  2?3.  Refiracts  donblyt.  Tastes  tweet 
and  sooiewhat  scrid.  r 

Its  constituents,  according  to  the  analy  sU  of  Kbprol^ 
are 

91*0  bgraptq  acid 

14*5  soda 

47*0  water 

.  1*5  loss 


100): 


Cekus  in.    Salts  of  Ammovia« 

Sp.  1.  Muriati  of  Ammonia* 
This  sslt  occurs  near  volcanoes,  of  which  it  b  a  pro- 
duct. It  is  found  abo  in  Persia.  It  is  found  usnalljn 
the  state  of  powder  in  the  middle  of  lava;  sometimes  m 
masS|  and  even  in  very  irregular  crystab.  Colour  whitC| 
ofken  with  a  shade  of  yellow  or  green.     Very  wott. 


•  VoLtLp.101.       ,     tHaa7tii,366.  t  A>^!nvit  >▼•  15^ 


MU&LkTI  oMMMinrA. 
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A  ^eciiiien  of  this  salt  from  Ttrtary  jidded  Kli-    J^HH  '■ 
proth 

97*5  moriftte  of  ammonia 
2*5  sulphate  of  ammonia 


100*0 


•ft  ♦ 


.:.-:    .:^:i 
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COMBUSTIBLES* 


This  dass  compireheiidt  all  the  combnttihle  mk 
stances  which  constttute  &  part  of  the  mineral  kingdom  ' 
except  the  diamond  and  the  mellite,  whidi  haTO  km 
already  deicribed,  and  the  metals  which  beloog  to  lb 
fourth  class  of  mtnecala*  The  j  have  been  divided  ■!» 
four  genera  i  namel j, 

1.  Snlphor  3.  Bitumeft 

2.  Resin  4.  Graphite. 

Genus  I.    Sulphur. 

This  genus  comprehends  onlj  one  species^  namelji 
native  sulphur  ;  though  perhaps  o/]^mimk/,  usuall j  phoed 
among  the  ores  of  arsenici  might,  without  improprietji 
be  referred  to  it. 

Sp.  I.     Native  Su^bur  *. 

This  mineral  occurs  commonly  in  masaea  of  gypaomt 
lime-stone,  and  marl.  It  is  sometimes  found  in  veins  trik 
versing  primitive  rocks  j  and  Humboldt  lately  observed 


*  Kirwin,  U.  69.— Brochant,  U.  37*-Hi»y,  iu.  S77vr-Jaanmi,ftit 
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it  in  South  America  in  mica  slate,  constituting  a  bed 
mlong  with  quartz*  Colour  sulphur  yellow^  passing 
to  honey,  lemon^  and  wax  yellow,  with  a  mixture  of 
cy  or  I  brown*  Massive,  dissemtnatedi  and  crystal- 
iztd*  The  primitive  form  of  its  crystals  is  an  octahr- 
Iron,  composed  of  two  four-sided  pyramids,  joined  base 
;o  base.  The  sides  of  these  pyramids  are  scalene  tri* 
ngles,  and  so  inclined  that  the  plane  where  the  bases 
if  the  pyramids  join  is  a  rhomb,  whose  long  diagonal 
I  to  its  short  as  5  to  4  *.  Sometimes  the  apices  of  the 
)yramidSf  lo  use  the  language  of  Rome  de  Lisle,  arc 
Snuicated  5  sometimes  they  are  separated  from  each  other 
\y  a  prism  ;  sometimes  they  are  truncated  near  their 
ases,  and  a  low  four-sided  pyramid  rises  from  the 
rtmcature  :  this  pyramid  is  also  sometimes  truncated 
sar  its  apex.  Finally,  one  of  the  edges  of  the  pyra- 
jds  is  sometimes  truncated.  For  figures  of  these  va- 
Scties,  and  for  the  laws  of  their  formation,  the  reader 
s  referred  to  Mr  Lcfroy  t* 

Surface  of  the  crystals  smooth.  Lustre  4;  internal 
ustre  3,  2,  adamantine.  Fracture  small*grained  un-> 
STen,  passing  into  splintery.  Fragments  blunt-edged. 
Transparency  2  ;  of  the  crystals  3,  4  i  refracts  doubly. 
Very  soft.     Frangibility  6. 

The  sulphur  in  the  neighbourhood  of  volcanoes  dif- 
cra  somewhat  in  its  properties  irom  cojnmon  native 
itlphur. 

Genus  II.    Resik. 

This  genus  comprehends  two  species ;  namely,  am* 
and  ntinmphaltum. 


RcsIiL 


'  t  Imr,  i*  Mi».  No.  nil.  Jj;. 


9S4  .  eOllBT7STZ8M0«    ' 

B  ink  in. 
Chap.  II. 

^    V      '         •  5^  1.    AffAtr. 

Tills  substance,  called  electrum  bj  the  andentSi  is 
found  in  different  countries ;  but  most  abundintlj  ia 
Prussia,  either  on  the  sea-shore,  or  under  ground  at  the 
depth  of  about  100  feet,  reposing  on  wood  coal^.  It 
is  in  lumps  of  different  sizes.  Werner  divides  it  into 
two  subspecies  :  namely,  white  znAyelhw  amber. 

Subspecies  1.  White  Amber*  Colour  straw  yellow  ; 
sometimes  inclining  to  jellow  white.  Massive.  LiutR 
2,  3,  resinous.  Fracture  conchoidal.  Fragments  shar^ 
edged.  Transparency  2.  In  other  respects  agrees  witk 
the  succeeding. 

Subspecies  2.  Yellow  Amber.  Colour  wax  yelloiTi 
passing  into  honey  yellow,  yellowish  brown,  and  hya- 
cinth red.  In  blunt-edged  j  ces  with  a  rough  sufMe. 
External  lustre  o  j  internal  4,  between  resinous  and  vi- 
treous. Fracture  [)erfect  large  conchoidal.  Fragmenls 
very  sharp-edged.  Transparency  4.  Soft.  Rather 
brittle.  Frangibility  4.  Specific  gravitj  from  1-076 
to  1*083. 

Sp,  2.     Retinasphaltumm 

This  mineral,  found  at  Bovey,  and  lately  desciibcd 
and  analysed  by  Mr  Hatchett,  belongs  to  the  resb  ge- 
nus, and  connects  this  genus  with  that  of  the  bftumem; 
retinasphaltum  being  a  compound  of  resin  and  bitumea. 
For  a  description  of  it,  see  Vol.  II.  p.  509, 


I 


•  Kirwan,  Minerdl'txyi  ".  46. 


PETROLEUM— MrMEAAL  PffCH* 


Brflifhco* 
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GcNus  IIL    BiruMEK. 

Tots  }^u$  contains  four  species  ^  namely ^petroleump 
n^ralpiich^  br<nvn  am/p  and  kiacJk  cotU, 

S^  !•     Pitroiiumt  or  Mineral  Oil  ^*, 

This  substance  usually  flows  fronri  rocks  of  the  coal 
[^formation »  and  generally  from  the  immediate  vicinitj  of 
[tJOdtU  Colour  brownish  black*  Liquid^  but  viscid. 
Transparency  usually  i.  Lustre  3,  resinous*  Feels 
[pxasy.     Wets.     Smell  bituminous* 

Sf.  2,     Mintrai  FUcb, 

'he  substances  arranged  under  this  species  occur 
cfly  in  veins.  Werner  divides  it  into  three  subspc* 
-^  iartby^  daggy^  and  tlastic  mineral  pitch* 

Subspecies  1,  Earthy  Mineral  Piicb^  This  is  the 
BttbstancecommoiUy  known  by  the  n^m^%  of ffi intra/ pitch 
aod  maltha.  Colour  blackish  brown.  Massive.  Lustre 
O,  I  i  of  jitreak  3^  resinous*  Fracture  earthy  or  small 
grained  uneven }  sometimes  nearly  splintery,  Frag* 
tncots  bluot-edgcd.  Very  soft.  Scclile.  Frangibiiity 
3»  Feels  greasy.  Light ;  almost  swims  oa  water. 
Scnell  bituminous. 

Subspecies  2*  flaggy  Mineral  Pitch.  Colour  velvet 
1>lack  ;  sometimes  approaching  brownish  black.  Mas« 
ftive.  Luernal  lustre  4,  3,  2,  redoous.  Fracture  im- 
Mf  feet,  or  perfect  conchoidal.  Fragments  pretty  sharp- 
edged.     Very  soft.      Opaque-     Sectilc.     Retains  iis 


rW.  IF.  B  b 


»86  COMBUSTIBLSt. 

Bjok  III.  lustre  in  the  streak.  Frangibility  5.  PeeU  grcaj. 
Specific  gravitj  from  1' 07  to  1*165*  Smell  bitnai. 
nous. 

Subspecies  3.  Elastic  Mineral  Pitcb,  or  MimralC§» 
outcbouc.  Found  in  Derbyshire.  Colour  blackoh 
brown  ;  sometimes  inclining  to  brownish  blscky  knm* 
times  reddish  brown.  Internal  lustre  3,  2,  resinooi; 
of  streak  3.  Fracture  curved  slaty  ;  cross  fractue 
conchoidal.  Fragments  slaty.  Transparency  1.  Vcrf 
soft.  Sectile.  Flexible  and  elastic.  Specific  grsnt|r 
from  0-Q053  to  1*233.  For  a  minute  description  of  ik 
varieties  of  this  substance^  the  reader  is  referred  to  Sir 
Hatchett's  paper  in  the  Linnaean  Transactions*. 

Sf.  3.     Brown  CoaL 

This  important  species  has  been  divided  by  Werner 
into  five  subspecies  ;  namely,  bituminous  nvooi^  em^ 
coal,  alum-eartb,  common  brown  coal,  and  moot*co§l. 

Subspecies  1.  Bituminous  tooo^/f.  This  minenl^ 
which  in  its  shape  resembles  the  stems  and  brandiei 
of  trees  a  little  flattened,  occors  along  with  comnua 
brown  coal,  usually  in  the  floetz  trap  and  alluvial  for* 
mations.  It  is  found  at  Bovey  in  Devonshire,  and  ia 
Iceland  is  known  by  the  name  of  surturbrand.  Coloor 
light  ord  ark  brown,  approaching  wood  brown  or  browB- 
ish  black.  Lustre  of  principal  fracture  1,  2  ;  ofcrossfiv- 
ture  3  ;  of  the  streak  3.     Fracture  in  the  great  sistf, 


*  Under  the  denomination  of  aipBaltym,  in  VoL  11.  p.  505,  of  thii 
Work,  I  include  the  two  first  subspecies  o  f  nuneral  pitch. 

t  Kirwan,  ii.  to.—Brochant,  ii.  44. — Jameson,  iL  54.— Voo  T^ 
Letter*  •«  Iceland^  p.  4I4 — Hatchett,  Fbii,  TrMt*  iTfnt  raitJnMi'ltr 
mMimt  o/u  Firmer  WifU^  p.  X04. 
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the  small  fibrous  i  cross  fracture  sometimes  imper-i. 

t  concbotdaLl.     Fragments  commonly  spUnterj.     0« 

,^ue.     Soft.     Sectile.     Flexible  and  somewhat  elas- 

Light. 
Subipedis  2.  Earth  Coal*.  Found  along  with  bitu- 
laous  wood  in  the  county  of  Mansfield,  and  on  the 
often  in  thick  strata.  It  is  kneaded  with  water  la 
;ghS|  formed  in  moulds  into  the  shape  of  bricks,  and 
;  in  this  state  it  is  used  as  fuel.  Colour  black- 
brown  ;  sometimes  passes  into  yellowish  grey, 
fcarly  loose.  Particles  dusty  ;  soil  a  little*  Internal 
blTc  scarce  1  ;  streak  nearly  3*  Falls  to  powder. 
Suhspeciit  ^^  Alum-Earthf,  Occurs  in  beds  in  aU 
^al  land,  and  in  the  Aoetz  trap  formation.  Colour 
kish  brown.  Massive.  Lustre  o  i  sometimes  1, 
mica;  of  streak  3.  Fracture  earthy  with  a  tcn- 
y  to  slaty.  Fragments  tabular.  Feels  meagre  and 
Qftetimes  greasy,  Sectile.  Between  very  soft  and 
mhU. 

SuhjpecUs  4.  Common  Brown  Coat  t>  This  mineral 
found  abundantly  at  Bovey.  Colour  light  brownish 
ck.  Massive.  Internal  lustre  3,  2,  resinous.  Streak 
;hteT.  Fracture  imperfect  large  conchoidal.  Frag- 
ents  sharp-edged.  Soft.  Sectile.  Not  very  brtttle. 
■angibility  4.     Light. 

Subspecies  5.    Moor  Coal},     Found  in  Bohemia  and 
icr  parts  of  Germany.     Colour  dark  blackish  brown. 


Bttttmea. 


-tOaprotH;  OehknTi  Mr, 


[  MtUt,  Plfih  Traar,  li.  5|4,r^Brochant,  iL  47.— Scimmcll,  Parkio* 
'a  Jhmaitti  9/  a  F«rmer  Wpr'd,  p.  116  — >m«ion.  xu  6*,— Hatcbetf, 
U  Trawt.  1804.  f  Jamtion,  U-  6a . 

Bb9 


su  coxjTrnxus. 


Bb»ire.  latcnial  lasrre  2,  miaoos  ;  of  Streak  3. 
PHoctpd  firactarc  imperfiecs  slatj  ;  cross  firBctnre  efcs, 
approodibg  izt  coochoidaL  Fragments  trapezoidil, 
approacfaing  cobkaL  Soft.  Sccdlr.  FraAgibOitj  5. 
light.  When  expoKd  to  the  air  it  bursG»  and  bUi  to ' 
pieces. 

Sf.  4.     BlmciCmtt: 

Under  this  species  are  incloded  almost  all  the  Ttik* 
ties  of  coal  that  are  used  in  this  oonotrj  for  fuel.  Itb 
divided  into  six  subspecies  $  namelj,  pitch,  coiamrg 
slate^  catmel^  foliated^  and  coorjir  roo/. 

Subspecies  1.  Piicb  Coa/^Jei.  Occors  in  all  Ac 
three  coal  formations^  but  most  commonljr  in  that  whiA 
belongs  to  the  floeta  trap.  Colonr  relvet  UadL ;  loiae- 
times  brownish  black.  Hassivey  in  plates  ^  soaciiaei 
in  the  shape  of  branches  of  trees,  but  withoat  a  Rga* 
lar  woodj  teztore.  Internal  lustre  3,  4,  resinoos.  Frac* 
ture  perfect  large  conchoidal.  Fragments  sharp.a%ed. 
Soft.  Rather  brittle.  Frangibilitj  3.  Specific  gii> 
rilj  1*308. 

Subspecies  2,  Columnar  Coal.  Hitherto  found  oaljia 
the  Mcissner  in  Hessia  along  with  other  subspecia 
Colour  between  velvet  and  grejish  black  ;  aometiaei 
inclining  to  iron  blue.  Massive.  Internal  lustre  3, \ 
resinous,  or  inclining  to  semi  metallic.  Fracture  ioipff- 
fccleonchoidal.  Occurs  in  thick  columnar  distinct  ooo* 
crc'tions  with  glimmering  surfaces.  Soft.  Rather  bril- 
tie.  Frangibility  nearlj  6*  Light.  Bums  widnv 
flame,  leaving  a  frreyish  while  ash. 

^    ■»     ---  — ^r^rr^^^::!:. 


COAt« 

Suhftcits  3.  Slaie-CcaL     Tliis  is  the  commcin  coal 

England  and  Scottand^  occurring  most  commonlj  in 

e  independent  coal  formation.  Colour  bet w ten  vcl- 
^  and  dark  greyish  black.  Masiivr.  Luttre  3|  2, 
fcainous*  Prtocipal  fracture  nearly  perfect  slaty  ,  cro»3 
racture  small-grained  unevtDi  passing  into  even  anrt 
nperfect  concbotdal.  Fragments  sometimes  trapezoK 
y.  Soft.  Approaching  to  sectile*  Frangibilitj  5* 
pectfic  gravity  from  1'250  to  1*310  *. 

Suhfpccus  4.  Cannel  Coal*  Accompanies  tbe  prece- 
ing  &ubspeciet.  Found  at  Wigan  tn  Lancasbtre^  and 
I  various  parts  of  Scotland.  Colotir  dark  greyish 
lack.  Massive,  Internal  lustre  2^  resinous,  Frne- 
somtiimes  flat  large  conchoidal,  sometimes  even, 
fagments  sometimes  cubical.      Frangibilitj  5.     Spc- 

ic  gravity  from  1*232  to  I "2" 5.  Often  cut  into  va- 
dus  \'essels  and  ornaments. 

Subspecifi  5.  FoliaUd  Coal*  Found  in  Ssiony  and 
ile&ia  in  tbe  rndepcndent  coal  formation.  Colour  be- 
vel vet  and  greyiih  black.  Massive.  Lustre  of 
Cipal    fracture  4  j    of  cross   fracture   2,   resinous. 

ngitudinat  fracture  straight  foliated,  with  a  single 
eavagc  ^  cross  fracture  slaty.   Fragments  approaching 

cubical.  Soft-  Approaches  sectile.  Frangibility 
Light, 

Subspecies  6.  Coarse  CoaL  Occurs  in  the  neighbour- 
of  Dresden.     Colour  dark  greyish  black,     Mas* 

c.  Lustre  2.  Cross  fracture  coarse-grained  un- 
longitudina)  generally  slaty.     Fragments  rather 

nt*edged.      Semihard  ;   the   hardeU  subspecies  of 
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Bitumefi* 


•  Eirwin, 


SM 


GOMBOmBLBt. 


IR|    eotl.    Ritberhpittle.    Fraogibifitj  4. 
the  preceding  subspecies. 


Het^nertki 


The  fidlewing  Table  exhibits  m  tIcw  of  the  mni.  . 
taents  of  such  of  the  preceding  sobspecies  of  brofva  ind 
Hack  coal  as  have  been  hitherto  analysed : 


Vegetable  earth... .54 

Sulphur •...  0*8 

Sulphate  of  iron  ••••10*7 

Oxide  of  ^on •.12*1 

Sulphate  of  lime  •  • « •     *7 
Silica ••••••     *8 


EwtfaCoalf. 
Volatile  maUer  ••02*25 

Charcoal 20*25 

Lime.a .  ••  «•  ••••  2*0 
Sulphate  of  lime  T5 
Oxide  of  iron..^.  1*0 
Alumins 0*51^ 


Loss< 


20*0    Sand ••«..ll-5  ^ 


AhnaSartlit* 

ChankMl 19*65 

Sulphur  •••.....  2*85 

Silica.. 40*00 

Alumina.  • 1Q*00 

Oxide  of  iron ....  6*40 
Sulphate  of  iron  . .  1*80 
Sulphate  of  lime..   1*50 

Magnesia 0*50 

Sulphate  of  potash  1*50 
Muriate  of  potash  0 *50 
Water 10*75 


100*0  100*0 

Botty  Co»l|. 

Charcoal.  •« M 

Volatile  matter 55 


100. 


101*45 


e  Vaoquelin,  Jimeton,  ii.  $$• 
I  Kbprvch,  Ochka't  Jut.  tL  44. 


f  Kbprotb,  uL  JS9» 
{HstdMtttPMTf 


GLANCE  COAL. 

301 

Gfiptiltff. 

Of 

Waldcn. 

ATC  Co  A 
Of 

SalTEC* 

Of  Bid-  , 
schowiu. 

• 

m 

« 

Charcoal 
Bitumen 
Earth 
Lass 

5V99 

36'87 

5*82 

32-93 
3-90 

5B-17 
3TS9 
3-94' 

102*00 

100'14 

100 

Gehus  IV.     Graphite. 

This  genus  contains  three  species;   namely,  glance 
/,  graphite^  and  mineral  cbarcmL 

^  Sp.  I,     Glance  Coalf* 

Glance  coal,  so  called  by  the  Germans  on  account  of 
great  lustre,  is  divided  by  Werner  into  two  subspe- 
lesi  the  first  of  which  is  much  more  uncommon  than  * 
second. 
Stibspeciei  1-   Conchoidal  Glance  Coal,      Hitherto  has 
I  been  found  only  in  the  newest  floctz  trap  formations. 
Colour  iron  blacky  rather  inclining  to  brown.     Surface 
^  tarnished  like  tempered  steel.     Massive  and  vesicular. 
'  Internal  lustre  3,  4,  metallic.    Fracture  large  and  small 
conchoidal.     Fragments  sharp-edged.      Soft,     Rather 
brittle.     Frangibility  4.     Light.     Burns  without  flame 
i  or  smell. 


•  Richcer,  Jameson,  ii,  73.  A  table  of  the  conrtttacnu  of  «yctal 
I  ^arietici  ofiUtc  coal,  and  of  ojoael  coil,  according  to  Kirw3Q*s  and  Mu* 
I  diict'i  otperimeni^  hit  been  givio  in  Vol  il  ^  511  and  51a. 

f  Jamctoo,  li^Su 


^t*^     ./' 


MB 


itmty  Coal.  Soppoted  peeoliir  to  piimitive  and  tnw. 
ition  Tockt  till  Ptofeuor  JtmcMn  discoveicd  it  in  tk 
independent  coal  formation  in  the  island  of  Ann. 
Coloar  dark  iron  Uaek,  feUont  incKning  to  bovi. 
Massive.  Lustre  S«  2,  between  metallic  and  aenisK* 
tallfc.  Principal  fracture  more  or  less  perfect  shly; 
cross  fracture  small  flat  obocboidaU  FragOMtts  prei^ 
sharp^geds  sometimes  trapetotdal.  Soft,  frnpi 
bilitj  6.  Between  sectile  and  brittle.  Specific  fiati^ 
from  1*415  to  1*800. 

This  species  consists  of  charcoal  destifnte  of  bitaaia^ 
either  with  or  without  an  admixture  of  earthy  matter. 

Sf.  2.     Crt^hiii^'^FIumhago. 

This  species,  like  the  last,  is  divided  into  two  iiib« 
species  ;  namelj,  scafy  and  compact  grapbiii. 

SabsfecUs  U  Scaly  GrapUtc.  Colour  dark  steel 
f  rejt  approaching  to  ligiit  iron  black.  Massive.  Lortm 
2,  I,  metallic  ;  of  the  streak  3,  4»  metallic.  Fractnrs 
scaly  foliated  ;  sometimes  passing  into  large  coodioi- 
dal ;  sometimes  slaty  and  uneven.  Fragments  tra]K« 
zoidal.  In  granular  distinct  concretious.  Very  ieft« 
Sectile.  FrangibiJity  2.  Writes  and  soils*  Feeli 
ycry  greasy.     Specific  gravity  from  1*087  to  2'26lf. 

Subsp(cus2^  Compact  Graphite*  Colour  rather  bltck* 
er  than  the  preceding.  Internal  lustre  i^  2,  metslfic* 
Fracture  fine-grained  uneven,  passing  into  even  i  also 
large  flat  conchoidal.  In  other  characters  agrees  with 
the  preceding  subspecies. 


♦  Jamcion,  ii  86.  f  KirtfrM. 


MINERAL  CaARCOAX. 
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It  is  a  earbonate  of  iron  often  mixed  with  earthy     Gr*phit»* 
matter. 

S/>.  3.     Mineral  Charcoal** 

Occurs  along  with  the  varieties  of  coal.  Colour  g^ej* 
iah  black*  In  angular  pieces  inclining  to  a  cubic  form. 
Lustre  1^  2p  silky.  Fracture  fibrous  ;  sometimes  shows 
the  woody  texture.  Fragments  blunt-edged  ;  some- 
limes  splintery.  Soils  strongly*  Soft  ;  passing  into 
ifiable*     Light. 


•  Janitton,  fl  $Oit 
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CLASS  IV. 
ORES. 


±m%  class  comprehends  all  the  mineral  bodies,  com- 
posed  either  entirely  of  metals,  or  of  which  metals  ooo^ 
stitute  the  most  considerable  and  important  part.  It  is 
from  the  minerals  belonging  to  this  class  that  all  metils 
are  extracted  ;  for  this  reason  thej  have  obtained  the 
name  of  ^res. 

As  the  metals  at  present  known  amount  to  28,  I 
should  divide  this  class  into  28  orders,  allotting  a  dis- 
tinct order  for  the  ores  of  every  particular  metal ;  (rot 
there  are  4  metals  which  have  been  hitherto  foimd  • 
only  in  other  ores.    Thus  the  orders  are  reduced  to  24. 

Metals  exist  in  ores  in  one  or  oth«r  of  the  four  fol- 
lowing states:  1.  In  a  metallic  state,  and  either  soli- 
tary or  combined  with  each  other  ;  2.  Combined  with 
sulphur ;  3.  In  the  state  of  oxides  ;  4-  Combined  witk 
acids.  Each  order  therefore  may  be  divided  into  the 
four  following  genera. 

1.  Alloys.  3.  Oxides. 

2.  Sulphurets.  4.  Salts. 

It  must  be  observed,  however,  that  every  metal  has 
not  hitherto  been  found  in  all  these  four  states^  and 
that  some  of  them  are  hardly  susceptible  of  them  alL 


^* 

■ 

^H 

^ 

^ 

ORES.                                           sgs 

1      Some  of  the  orders  therefore  want  one  or  more  genera,    ^   Ore^ 

as  maj  be  seen  from  the 

following  Table.                                         ^ 

Order  L  GoZ-rf 

Order  X.Z#a^                lUieor     1 

1.  Alloys 

1.  Sulphutets                  thegraoi. 

Order  IL  Platinum 

2.  Oxides                                      ^ 

1.  AUojs 

3.  Salts                                  ^J 

Order  III.  Indium 

Order  XI.  ZiW                         ^^| 

1*  Alloys 

1.  Sulphurets                         ^^^| 

Order  IV,  5i/t»#r 

2.  Oxides                                ^^H 

I.  Alloys 

3,  Salts                                     ^^1 

2.  oulphurcts 

Order  XII.  Bismuth                   *    1 

3.  Oxides 

1.  Alloys                                      fl 

4.  Salts 

2.  Sulphurels                         ^^H 

Order  V.  Mercury 

3.  Oxides                                 ^^| 

1,  Alloys 

Order  XIIL  Antimony                ^^| 

2.  Sulphiircts 

J .  Alloys                                ^W 

3,  Salts 

2.  Sulphurets                                 H 

Order  VI.  Copper 

3.  Oxides                                       1 

1.  Alloys 

4.  Salts                                             I 

2.  Sulphurels 

Order  XIV,  Tellurium                    M 

3,  Oxides 

J ,  Alloys                                          ■ 

4.  Salts 

Order  XV.  Arsenic                             ■ 

Order  VII.  Irm 

1,  Alloys                                  ^J 

I,  Alloys                * 

2.  Sulphurets                         ^^| 

2.  Sulphurels 

3.  Oxides                                ^^1 

!    ^         3.  Oxides 

4.  Salts                                     ^^ 

!              4-  Salts 

Order  XVI.  Cohak                    ^M 

i     Order  VIII.  Nkiel 

I.  Alloys                                ^H 

1.  Alloys 

2.  Oxides                                  ^H 

2.  Oxides 

^H 

Order  IX.  Tin 

Order  XVU*  Manganen            I^H 

1.  Sulphurels 

1.  Oxides                                     ■ 

f ,  Oxides 

1 

2.  Salts                                 ^H 

KKTAIXZC  out. 

.Qbmr  XVIIL  Cbr^mmm  Oasu  XXI.  TmgHm 

1.  Allqjft  1.  Salts 

2.  Oxides  Order  XXIL  Titamm 

3.  Salu  j.Oiddtt 
Orj>er.XIX.  Uranium  Order  X  XU I.  £<•&«&» 

1.  Oztdet  1.  Oxidet 

Order  XX.  M^tybdmm     Order  XXI V.  Cemm 

1.  SulphiuneU  i.  Osides 

OrberI.    ores  of  gold. 

No  metil,  perhaipsy  if  we  except  iroQ»  b  iiie||p  widely 
scattered  through  the  mineral  kingdom  than  gold*. 
Hitherto  it  has  been  found  onlj  in  a  metnUic  state; 
most  conimoaly  in  grains^  ramifications,  lenvts,  or  small 
crjrstals.  Occurs  in  gneiss,  mica,  slate,  da^-slate,  also 
in  veins.  It  it  generallj  mixed  with  ^oartZy  tboagh 
there  arc  instances  of  its  having  occurred  in  calcaieons 
rocks.  It  is  not  uncommon  also  to  find  it  diaiemiBaicd 
through  the  ores  of  other  metals  \  t specially  iron,  ner«  ^ 
curj,  copper,  and  zinc.  The  greatest  quaotitj  of  gold 
is  found  in  tlte  warmer  regions  of  the  eartfa.  It  abounds 
in  the  sands  of  many  African  rivers,  and  is  ^trj  com- 
mon in  South  America  and  India.  Europe,  however, 
is  not  destitute  of  tliis  metaJ^  Spain  was  famous  ia 
ancient  times  for,  its  gold  mmes,  and  several  of  the 
rivers  in  France  contain  it  in  their  sands  f.  But  tbs 
prineipal  gold  mines  in  Europe  are  those  ojf  Hungarj, 
and  next  to  them  those  of  Saltxburg^    Gold  also  has 


1 


•  Bcrgmaa.  \  Reaumur,  Mm,  P^r.,!  ytZ,  p.  a. 


flATXVt  GOLl*. 


mcovered  in  Sweden  and  Norway,  and  more  late* 
I  the  county  of  Wicklow  in  Irdaad  ♦• 


Sp.  1.    NatmGaidi 


I 

^^otind  disseminated  m  grains,  plates,  and  small  crys- 
itaU  ;  commonly  in  cubes,  octahedrons,  and  rhomboidal 
Idodecahedrons.  Fracture  hackly.  Soft.  Duciik. 
|Flc3tibIc,  but  not  elastic.  Very  heavy.  Native  gold 
is  never  completely  pure^  it  is  alloyed  with  some 
Silver  or  copper,  and  sometimes  with  iron.  In  the  na- 
tive gold  found  in  Ireland,  indeed,  the  <juaniity  of  alloy 
appears  to  have  been  exceedingly  small.  Wtmcr  di- 
%udes  this  species  into  three  subspecies,  according  to  the 
metal  with  which  the  gold  is  alloyed* 

Sidtnpeiies  1 .  Pure  Gold,  Colour  gold  yellow*  It 
contains  only  a  very  minute  proportion  of  silver  or  cop* 
per, 

Suhspeciti  2*  Bran  YfUow  Natht  gold.  Coloti? 
brass  yellow.  Alloyed  with  a  greater  proportion  of  siU 
irer  or  copper* 

Suh species  3.  Greyish  yelhw  Native  gold*  Colour 
between  steel  grey  and  brass  yellow*  Supposed  to 
contain  a  portion  of  platinum. 

Sp.  2,     Ettctmm  J. 

The  term  eiectrum^  applied  by  the  aocients  to  a  mis- 
lore  of  gold  and  silver,  has  been  given  by  Klaproth  to 


QU  OF  ZRIOXmi* 


Book  in.  tn  ott  firom  Schlangeoberg  in  Siberia,  friiich  he  fimod 
]_^  :r  bj  motljm  to  be  m  compoand  of  these  two  metab. 

Its  cokor  is  psie  golden  yellow*    It  oocurs  in  sditi- 
tj  plste%  needles,  or  imperfect  cube^  scattered  some* 
times  in  a  grey  cobnred  sniphate  of  barytes,  sometiaw 
in  homstooe.    It  is  composed  of 
.64  gold 
SO  ulver 
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ouheu.  ores  of  platinum  •. 

HmiATO  no  mine  of  pladnnm  has  been  discovered. 
It  is  finmd  in  small  scales  or  grains  in  the  sands  of  the 
pver  Finto^  at  Cbooo^  Popayen,  and  Quito  in  Pern,  sal 
near  Carthagena  in  Sonth  America.  Repository  oa- 
known.  It  occurs  also  in  Brazil  in  the  silver  auDCSof 
that  country,  and  in  the  same  state  of  sn&all  grsias  ss 
in  Peru.  It  is  also  accompanied  by  the  four  new  me- 
tals  which  are  found  in  the  Peruvian  platinnmf  • 


•  See  Brownrigg.  PiU.  Trmmt.  xItL  584.— Lewn,  Ibid.  tML  63I  n4 
L  i4S^Mtrgnf,  Mm.  BmUkn  1757,  p.  314^— MM^oer,  Mtm.  Fm. 
i75S,p.  xx9«^Biiffoik«  Jmr.  dt  Fkyu  iii.  344.— Morveao.  Ibid.  ^  193^— 
B«|Bttt^  Ofmt.  iL  i66w— TOlet,  Afm.  Pait.  1779,  p.  373.  md  3S5.  aod 
545.-.^CmI1,  Creli'b  Amth,  1784,  i  Buid.  3S&— WiUk,  MamluiT  Mt* 
m^h^^  a.  467.— Motrin  PokUuii,  Amu,  it  Cbim.  niT.  305.^— Morven, 
Ibid.  nv«—PNNut,  Ibid.  suvi.  146^— Brocbeot»  fi.  S6.^— Hasy,  tu.  sdS. 
^jMiieMO.Ii.ioa 

f  WolfaHtoQ,  nu.  Mag,  xniii.  %so.  Vaofoeliii  bat  laielj  detected 
pitttpwm  in  the  aWer  niiie  of  Omdalcanal  io  EfltroDadan,  a  pravinee 
H  Spain.  In  tbe  ore  of  xh^  mine  it  ii  in  tbe  metaUic  atate,  aoneciaKf 
in  very  minatc  qaatttity,  fomcttmn  in  the  propgrtioB  of  lo/er  oal.    In 


ORES  OF  SILVER. 


Gekus  I.    Alloys  or  Platinum, 


Sf  I.     Native  Piatinum—Platina. 

Colour  very  light  steel  grej,  which  approaches  sil- 
ver white.  Occurs  in  small  grains^  sometimes  a  little 
convex  on  one  side.  Lustre  3,  2>  metallic.  Fracture 
not  determined.  Soft.  Malleable.  Flexible.  Spe» 
cific  gravifj  never  exceeds  17*1  *•  Soluble  in  nitro* 
muriatic  acid. 


Order  III.    ORE  OF  IRIDIUM* 

Hitherto  this  ore  has  been  found  only  mixed  with  SkuaticQ. 
that  of  platinumi  in  grains  so  nearly  similar  to  those  of 
tiiat  ore  as  scarcely  to  be  distinguishable  by  the  eye. 
It  was  first  discovered  by  Dr  WoUaston,  who  treated 
crude  platina  in  considerable  quantities  with  nitro*mu- 
riatic  acid.  The  ore  of  iridium  remained  behind,  not 
being  in  the  least  acted  on  by  that  menstruum. 

The  ore  of  iridium  is  harder  than  crude  platina^  is 
not  malleable,  appears  to  be  composed  of  plates  of  a 
peculiar  lustre.  Specific  gravity  19'5»  Composed  of 
osmium  and  iridium  alloyed  together  f. 


Hhh  ottltU  not  mixed  witli  th«  fcitir  ncwty  discovered  metal*  which  ac* 
coniwAV  AiDcrican  platjnum.  This  it  the  fim  well  authenticated  tE»- 
mnie  of  cJir  dlecovciy  of  pbtiiram  in  the  Old  Cootineiif.^  Amm,  dt  Ckm' 
I  J- 317. 

•  WolUitoa.  f  WolUilon,  PhU,  Trami,  1805. 


400  -*  ^  ORES  OF  StLttt* 

Bnok  m. 
^qnt».n.  Order  IV.    ORES  OF  SILVER. 

Sliver^  like  gold^  Is  found  most  abundantlj  in  the 

tropical  regions.     It  occurs  usuallj  in  the  newest  pci> 

znitive  formations,  and  most  of  the  spectet  have  ben 

observed  onlj  in  veins.     The  following  Table  exhititi 

'  a  view  of  the  ores  of  this  metal  at  present  known. 

TiUe  or      I.  Allots  White  silver  ore 

til*  Species         Native  silver 

Auriferous  I IL  Oxides 

Antimdoial  Red  silver  ore 
Arsenical 

IV.  Salts 

IL  SuLPHiTRETS  Muriate 

Common  sulphuret  Carbonate 

Antimonial  Sulphureted  moritte 

Cekus  I.    Alloys  op  Silver. 

Sf.  I .     Native  Siher  *. 

Native  silver,  so  called  because  the  silver  is  nearljr 
in  a  state  of  purity,  forms  the  principal  part  of  some  of 
the  richest  silver  mines  in  the  world.  It  is  sometimes 
in  small  lumps ;  sometimes  crystallized  in  cubes,  hcxa. 
hedronsy  octahedrons,  or  dodecahedrons  ;  soinetimes  in 
leaves,  or  threads,  often  so  connected  with  each  other 
as  to  resemble  branches  of  trees,  and  therefore  called 
dendrites.  The  silver  in  the  famous  mines  of  Potosi  has 


•  Rirwafi,  il  lOt.-^Caltifg.  Act,  liter,   Svtci^^   lyjg,  p.  4^0— Br> 
cbast.ti.  Ii4.*-H4i\:7.ii!.  184. — JtmaoOi  ii.  133. 


AURIFEROUS  SILVER— AWTIM ONI  A  L  SILVER  ORE, 

thif  last  foTm»  Wbeti  ncwl^  extracted^  it  is  not  utdike 
smajl  brftnches  of  fir  ^. 

The  colour  of  native  sily«r  is  white  5  often  tamithed. 
Lnttro  metallic.  Fracture  hackly.  Hardness  6>  Mal- 
leable.    Specific  gravitj  from  lo  to  I0'S3S. 

The  stiver  in  this  species  is  almost  constantly  alloyed 
with  from  '03  to '05  of  soroc  other  metal,  frequently 
gt>ld  or  arsenic* 

*S^.  2.     Auriftfikmt  Siivetf* 

This  alloy  is  uncommon.     It  has  been  obsenred  at 

,  Konig&berg  in  Norway^  and  at  Schlangenberg  in   Sibc* 

Ifia,     Its  colour  is  yellowish  white*     Its  lustre  mctal- 

ie.     Hardness  5.     Malleable.     Specific  gravity  above 

10*6.     This^  I  presumcj  is  the  ore  described  in  the  first 

Icr  under  the  name  of  eUctrum* 

Sp»  3.     Antimonuil  Silver  OnXf 

This  alloy  is  found  in  the  silver  mines  of  Spain  and 
Germany,  and  is  sometimes  in  grains  or  lumps^  and 
>  sometimes  crystallized  in   four  and  six  sided  prismi^ 
I  whose  sides  are  longitudinally  streaked  }. 

Colour  between  silver  and  tin  white.  Its  lustre  me- 
tallic. Hardness  8.  Specific  gravity  from  s>*4406  || 
to  10  T[.  Fracture  perfect  foliated.  In  granular  dis- 
tinct concretions.    Sectile.    Frangibility  3.    Before  the 


•  Bergman,  Phy.  Cngr.^^Jmr*  it  Mm^  Ni*.  vn,  p.  stf. 
f  Brochaot,  li.  ai6.'-Jaiiieioii»iL  141. 

I  Kirw&n,  ii.  tTO.— Bfochmtt  «,  ii^. — KUprotli,  iii  173- — Hwy, 
\vL  J91.— J»ncaon,  iL  143,  j  Rome  dc  LUle,  iii.  461. 

I  H»uy.  Jpur,  dc  Mm.  No,  wf.  473-  %  Kirmn,  U.  il. 

yal.  IK  C  C 


J 


402  .  i«»^  »%  .   e&xs  or  sxLvtft. 

blow-^pe  the  antimooj  evaporatet  in  m  gvej  n 
aad  leaves  •  brownish  slag^  whiefa  tiages  bom  gma 
If  bortx  be  used  at  first  a  silTer  besd  wmj  be  obCMaei 
This  alloy  was  supposed  to  oontain  arsenic^  tiIlBa|. 
man  rTaminrd  it,  and  fonod  oolj  silver  and  antinws)*» 

Sf»  2.    Artemeal  Siher  Ore  f. 

This  ore  is  very  rare,  and  has  hitherto  beta  ktd 
chiefly  at  Andreasberg  in  the  Hartz.  Colour  tin  «li||. 
Found  disseminated  in  round  masses^  and  crystsIEsH 
in. six-sided  prisms  and  pyramids*  Loatre  ■tfjir 
Fracture  foliated.  Soft,  Sectile.  FrangibiEtj  .1 
Very  heavy.  Before  the  Uow-pipe  araeaic  flia  «( 
and  a  button  of  silver  remains* 


The  fidlowbg  TaUe  ezhiUti  the  ooaatHncBts  d 
such  of  the  preeeding  species  w  have  beeaaabjcctdito 
chemical  analysis. 


a  C^«K.  u.  415. 

t  KirwaD,  H  iii.«-£rtchant,  11.  iss.^Hao7,  iiL  jjftj   Jwiws,i 


VITREOUS  SILVER  ORE* 
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Sfm  I.     Comm&n  Sufphurtt  of  ^iiver  |[* 
PiirfQUS  $ih/ir  On — Silver  Glana* 

This  ore  occurs  in  the  silver  mines  of  Germany  and 
Hungary.  It  is  sometimes  in  masses,  sometimes  in 
threads,  and  some^mes  crystallized.  Its  crystals  are 
cither  cubes  or  octahedrones,  or  rhomboidal  dodecahe. 
droQS|  whose  angles  and  edges  are  often  variously  trun- 
cated* For  a  description  of  the  varieties  produced  hf 
these  truncaturesy  the  reader  is  referred  to  Rom6  de 
Lisle  If  and  Hai^y  ••* 

Its  colour  is  dark  blackish  lead  grey,  often  tarnished. 
Internal  lustre  metallic*    Fracture  small-grained  an* 


•  Fofdycc,  Phit.  Trmu*  1776,  p,  53^, 
f  KUproth,  Btitragt^  tL  301*  and  iii  175. 

U  Kirwuj,  ii.  415.— lirochaiit»  ii,  l|4*~Hau]r,  ul  398*— JimctOB,  ii. 
a|J.  I  CrytUU^  iii*  44X,  •  •  Mi«m  iil  %f^ 

CC2 


A04  #ItSS  OF  SlLVJUl. 

^JS^  "*•    even.    Hardness  4  to  5.     May  be  cut  with  a  kmfc 
Qbap.  If.  •  , 

y      ^    ■     like  lead.    Flexible  and  malleable.     Specific  gravitj 

0*900*  to  7*215  f .     In  a  gentle  heat  the  sulphur  cvSi 

porates.     Melts  when  heated  to  redness. 

Sfi.  2.     Antimonial  Sulphmret  t-^BrittU  SUvtr  Orr. 

This  ore  occurs  chiefly  in  Saxony  and  HoBgarj^  iL 
ways  in  veins,  and  usually  accompatiies  dark  red  ahv 
ore.  Colour  between  iron  black  and  dark  lead  gnyi 
Massive,  and  crystallized  in  six-sided  prisms,  loat^ 
and  four-sided  tables  variously  truncated.  Extendi 
lustre  4  ;  internal  3,  2^  metallic.  Fracture  coarse  ail 
fine  grained  uneven ;  of  the  crystals  imperfect  smiD 
conchoidal.  Streak  retains  the  colour  and  lustre.  S(A. 
Brittle.  Frangibility  5*  Specific  gravity  1*208  {• 
Before  the  blow*pipe  the  sulphur  and  antimony  exhale, 
leaving  a  bead,  which  may  be  freed  from  iron  bj  &• 
sion  with  nitre  and  borax. 

Sp.  3.     White  Siher  Ore  \\ . ' 

This  ore  occurs  in  considerable  quantities  in  the  mioe 
of  Himmelfurst  in  Saxony.  Colour  light  lead  grrj. 
Massive.  Internal  lustre  2»  3,  metallic.  Frsctore 
usually  even.  Soft.  Slightly  sectile.  Frangibility  3. 
Specific  gravity  5*322,  according  to  Gmelin. 

The  following  Table  exhibits  the  analysis  of  the 
species  belonging  to  this  genus. 


*  BriiBOD.  f  GeQcrt 

X  KirwtD,  il  1x7. — Brochant,  iL  138. — Hauy,  iii  4x6.— Jameiai,  E 
16a  {GcUert 

I  Kirwan,ii.  119.— BrochaDt,ii.  150.— Ja]neiQP»iLi74. 
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Gkkus  IIL    O^tiBiLS. 
Sfi.  U     Red  Stlvff  On  ||, 

Or<  is  very  common  in  sercral  Geroiftn  tilver 
$s«  It  occurs  in  masses,  disseminated,  aitd  crjstaUi- 
|v  Werner  s«bdivides  it  into  two  sulxspecieSy  dts. 
iHbt^  by  their  colour  and  gtognostic  situation  ;  the 
|ll  being  usually  accompanied  hy  native  arsenic 
ite  cobalt  ore^  offptmcait,  and  sulphate  of  barr- 


)mth«  Bdtftgt^  i.  I7S-  f  &g^,  Hiuf ,  lit.  %^%. 

irotli*  Seitragt^  i,  t66.    Uadcf  the  arsenic  4  Kctic  iron  j»  incb* 
j  Ibid.  p>  i7&«Qd  i;5» 
t  «»  113 — ScopoJj   4e  Minira  Argmti  Ruhra. — Sage,  Jmr.  Jt 
iv.  J31,  and  xlL  370. 5  »nd  Aonv.  ^^itr.  ^jt  Ph^t^iL  284.— Wci- 
^evf.  i^f  P/^j.  iliii.  191.  KUproth,  Mnirtgf^  I  141.— Brodniita 
^auf »  ill*  402*^Proiut|  ^^'^^  ^'  ^^'-  ^*  4^3* — Jarndpa,  tL 


tHEs  or  srtvit. 


3ook  ni. 
csiip.  n. 


tet  ^  the  first  hj  ^alcnR,  stntimoTital  tulphuf ei  of  ulvtij 
quartL^  calcareous  spar,  and  pyrites. 

Suhsptcia  1.  Dark  Rid  Sihrr  Ore*  Colour  betww 
cochineal  red  and  tctd  grey.  Masaiire,  dissemmitied, 
and  ciyi»tallizpd  in  equiaingulsr  six- sided  prismt,  oftea 
yariouslj  truiicated.  Primitive  form  an  obvusctkta. 
boidi  whose  plane  angles  are  104^  28'  atid  15^  ^3^«d 
the  inclination  of  the  faces  IdQ^  2S'  and  70^*  Sg** 
temal  lustre  4;  someumes  metxjlie,  sometimet 
mantine.  Internal  lustre  3,  2.  mctaltic  or  semi 
lie*  Fracmre  usually  coarne  and  small  grained  uocveiL 
Crystallized  varieties  impcrtect  small  conchoidaL  Frsg. 
meats  indeterminate,  blunt  edged.  Xransparrncy  of 
the  massy  varieties  0  \  of  the  crystals  3,  4,  2*  Screak 
cochineal  red*  Soft.  ScciiJc.  Frangibility  4«  Spf^ 
cific  gravity  from  5*563  to  5*60$.  Before  the  bbv* 
pipe  decrepitates  melts  with  slight  bubblingp  fiiiittiEi| 
a  dense  smoke^  which  colours  the  charcoal  yeUoiV|  sod 
leaves  a  button  of  silver. 

SuAspeciti  2.  Lighi  Rid  Sihir  Ort.  Coloui  pssm 
from  carmine  red  to  a  medium  between  cocht 
and  lead  grey.  Massivci  di&seminated,  and 
zed  in  acute  six- sided  prisms,  often  vartoaslj  tnttn 
Internal  lustre  from  4  to  2»  adamantine*  Fracntct 
ttsually  imperfect  small  conch oidal  \  sometimei  passof 
into  coarse  and  small  grained  uneven,  aonif  times  8o 
imperfect  foliated.  Fragments  indeterminate,  pret^ 
sharp-edged.  Transparency  of  the  massive  1^  of  the 
P7stals  4»  Streak  aurora  red.  Soff.  ^  Sectile.  Frm- 
gibi}ity  0.     Specific  gravity  5*443  to  5*592«    Beeoofis 


•  lUuyi  iii.  4© J* 


RIB  snnR  om. 


45T 


electric  hj  frictton^  but  only  ^hen  insulated^.  Solu- 
ble in  nitric  actd  with  effervescence  f.  Before  the 
loW'pipe  melts^  blackens^  burns  with  a  blue  flame, 
ives  oat  a  white  smoke  with  a  slight  garlic  stndl,  and 
leaves  a  silver  bead  |. 

The  composition  of  this  ore  was  long  ambiguoas. 
le  older  chemists  coastdered  it  as  a  combinalioa  of 
ef,  arsenic,  and  sulphur  j  and  Bergman^  in  several 
of  his  work,  has  given  us  these  bodies  as  its  con- 
nt${.  Klaproth  analysed  it  in  1193^  and  found 
\ly  silver^  sulphur^  antimony,  and  oxygen  |] .  Vauque* 
in  confirmed  this  discovery  soon  after,  and  showed  from 
IS  experiments,  that  the  metals  in  the  ore  were  in  the 
itate  of  oxides  ^.  His  opinion  was  founded  upon  the 
>lution  of  the  ore  in  nitric  acid  without  effervescence, 
hich  has  been  lately  denied  by  Proust*  This  last 
lemist  has  shown  thi)t  there  are  two  kinds  of  red  &il« 
er  ore,  the  one  containing  arsenic,  the  other  antimo* 
ly  ••,  Though  he  has  not  described  the  specimens 
hich  he  subjected  to  analysis,  yet  it  is  pr<»bable,  from 
sveral  circumstances,  that  the  first  ot  our  subspecies  is 
hskt  which  contains  the  arsenic,  and  the  second  subspe. 
tics  the  aniimony-  The  following  Table  exhibits  a 
lew  of  the  different  analyses  of  this  ore  hitherto  made : 
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The  analyses  of  Proust  differs  essentially  from  alltk 
others^  in  exhibiting  the  metallic  constituents^  not  iatbe 
state  of  oxides,  but  of  pure  metals* 


Genus  IV.    Salts. 

Sp.  I .     Muriate  of  Silver  || . 
Corneous  Silver  Ore — Horn  Ore* 

This  ore  occurs  at  Johanngcorgenstadt  in  Saxonj,  in 
South  America,  &c.  always  in  veins,  and  usually  in  the 
upper  part.  It  is  often  amorphous,  sometimes  nearly 
in  powder,  and  sometimes  crystallized  in  cubes  or  ps* 
rallelopipeds* 


«  Kbproth,  Bcitrage^  i.  155. 

\  Vauqudin,  Jiir,  de  Mim.  No.  xvii.  p.  4.  and  7. 

\  Lampadius,  Hitmdlmcb^  Kur  Cbemucbem  Amatyse  ier  Mtimertd  Kmftr* 

{  Prou^,  Jour,  de  Pbys,  lix.  407.  and  409. 

II  Kirwan,  u.  Ii3.>-Laxinann,  Nov.  Comm,  Petrppoi.  xis.48s.— Mofr 
net,  JMtw.  Seav,  EtraHg,  ix.  717 — Brochant,  ii.  SS7.^Haii7,iiL4xi- 
Janieaon,  ii.  1481 


Most  frequent  coiaur  pctrl  grey  of  all  degrees  of 
iQtensttj  ;  when  exposed  to  the  light  it  acquires  a 
l|fownisb  taruisb.  Inti'^mal  lustre  3,  2,  resinous;  ex. 
ternal  3  to  i.  Acquires  a  gloss  when  scraped  with  a 
knife.  Transparency  2  to  !•  Fracture  between  im- 
perfect flat  conchoidal  and  fine- grained  uneven.  Hard* 
uess  4  to  5.  Flexible-  Malleible.  Frangibility  3. 
Specific  gravity  4-745  *  to  4*8o4  f-  Before  the  blow- 
pipe it  instantly  melts,  and  gradually  evaporates,  but 
inay  be  reduced  by  adding  an  alkali. 

That  this  ore  contains  muriatic  acid  has  been  long 
luiowo.  Mr  Woulfe  first  showed  that  it  contained  also 
lulphuric  acid  t  >  ^d  this  discovery  has  been  confirm, 
cd  by  Klaproth,  according  to  whose  analysis  this  ore  is 

composed  of «*..67*7S  silver 

^'75  oxygen 
I  6*00  oxide  of  iron 

•  14*75  muriatic  acid 

E'25  sulphuric  acid 
1*T5  alumina 
■ 

wtiole  II .  Klaproth  has  published  the  analysis  of  a  va- 
riety of  this  ore  from  Peru,  which  differs  a  good  deal 
in  its  propcries  from  the  preceding. 

Its  colour  is  greyish  and  greenish  whiter  passing  int© 
light  olive  gteen.     Massive.     Lustre  4,  adamantine* 


Coimi- 

tUCIltlt 


97-25  i 

The  alumina  can  only  be  considered  as  mixed  with 
Sometimes  its  quantity  amounts  to  •61  of  the 


ore. 


#SiiidO]]. 


t  Odiftt.  t  Pi^*^^  Tronic  i;;6. 

I  Ibid  p.  137. 
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FfMlBfo  ooiichoidiu  Fmgnmti  wtetefinmitei  ji 
luge  and  tmtll  gnmultr  dittind  ooacretioBt.  TffH. 
pueocj  2.  Very  toft.  Perfiecdj  malleiMte,  Vc7 
hesvj.    B7  KlaproUi't  analjib  it  is  compoaed  of 

76*0  nlvcr 
T«  ozjgeii 

16*4  muriatic  add 

lOO'O  • 


Comtitn* 


Sp.  2.     CmthoMti  0/  Sdvtr  f  • 

Thii  ore  was  discorered  in  1788  bj  Mr  Sdb  ia  tti 
nuoe  of  Wineeslas  in  Suabia.     It  is  i 
sei^  aoaetimes  disieouaated  tfarongb  odier  1 

Its  colour  is  greyish  black.  Its  streak,  bright^  lis 
liutre  metallic.  Its  fracture  uneven.  Hardneu  4  to  5* 
Brittle.  SpeciSe  graTity  considerable.  Efereioei 
with  acids.  Melts  easily  before  the  blow-pipe.  Ffotlu 
with  borax. 

According  to  Selb,  it  contains 
72*5  silver 

15*5  carbonate  of  antimony 
12*0  carbonic  acid 

100*0  and  a  little  copper 

Sp.  3.    Siher  Black  t—Sooif  Siher  Orje. 
This  mineral  occurs  in  veins,  and  accompanies  sobs 


of  the  other  species  of  silver  ores, 
into  two  subspecies. 


Werner  divides  it 


e  Btknft,  tv.  10.  t  Kirwta,  iL  itxr— BtaciH^ Elif. 

tKirwaD,ii.ii7.«»BrDcbaiit»ii.  i3S«— JanieK»|iL6io>  « 


SILVER  BLAC^. 
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pj^mW  1.   Ft  ialfU  Silver  B!ack,     Colour  bluij»h 
hf  approaching  to  lead  grey.     Friable.     Dissemi. 
aied)  or  as  a  coating.     Internal  lustre  0^  1*     Compo-> 
o£  dull  duity  particles.     Lustre  of  streak  S,  me* 
c.     Scarcely  soils.     Heavy, 

sfiecus  2<  Indurated  Silver  Black.  Colour  the 
le  as  the  preceding.  Massive  and  disseminated, 
re  of  principal  fracture  l .  Fracture  between  fine 
7  and  small  and  fine  grained  uneTen.  Fragments 
terminute  blunt-edged.  Streak  shining  and  mc- 
Elllic.  Very  soft.  Sec  tile,  approaching  to  malleable, 
Fftngibility  5.     Heavy. 

This  species  has  not  been  analysed,  but  it  is  suppo- 
ped  to  be  a  compound  of  oxide  of  silver,  sulphur^  and 
Ittoriattc  acid* 

Order  V,    ORES  OF  MERCURY, 

fMuRCURY  is  found  in  Europe,  particularly  in  Spaln^ 
Lrermany,  and  Hungary  :  it  is  found  also  iu  China  % 
the  Philippines  tf  and  in  Peru,  and  perhaps  Chili  J  in 
iouth  America,  The  most  productive  mines  of  mer- 
cury are  those  of  Idria  §  ;  of  Almaden,  near  Cordo\-a 
pa  Spain,  which  were  wrought  by  the  Romans  ||  ;  of 
be  Palatinate  ^  »  and  of  Guanca  Velica  in  Peru  •^ 


S«ki,. 


♦  Sc«  EntrecoJIcV  Lettrer  EJi^i^miet,  f  CirreriV  fVyijfw. 

I  $CC  Molina's  Nat^rui  HUtgry  ^  CbtlL 

{  Scopnlt,  J*ur.  it  Min.  No.  zciY.  p.  915. 

I  Sec  Bowle*t  NMvrd  HU§9ry  9/  Spain,  aiid  Jour*  dt  Mm,  No.  XL%i 
ft,  ^^S^  ^  Jaur,  de  MtM.  No&.  tI  atir]  vii. 

i      *9  See  Ulloa's  Mtmmt  ftfutmi^^  AmerUa, 


41*  •iii^  or  Mncmr. 

If  ercurjr  liat  never  been  found  ia  Bcataio,  nor  hw  mj 
worth  working  been  diacoveffed  ia  France. 

The  following  TaUe  exhibits  a  viow  of  all  the  om 
of  this  metal  hitherto  dbeerved. 


TMtti 

I.  Allots 

S.  Hepa&i 

tbei^cQCf* 

1.  Native 

III.  SALTa 

8.  Amalgam  of  silver 

.     l.Moriaae 

11.  SULPBUUTa 

'  1.  Cinnabar 

It  is  from  the  snlphnret  that  most  of  the  mereoijof 
commeroe  is  eactracted.  Mercnrj  occora  in  twodnckcC 
formations ;  namely,  in  beds  among  rocka  of  chjdal^  , 
-talc  slate,  and,  chlorite  slate,  in  primitive  mooBtttBi'i 
and  in  the  independent  coal  fonnatioo. 

Gxirus  I.    ALLora. 

Sp.  1.     Nativi  Mercury  *. 

Native  mercnry  is  found  in  most  mercurial  nuoei) 
it  is  in  small  globules,  scattered  through  different  kiods 
of  stones,  clajs,  and  ores. 

Fluid.  Colour  tin  white.  Specific  gravity  sboit 
13-6. 

Sp*  2.    Amalgam  of  Siher  f'^Natm^  (tmalgmt 
This  mineral  has  been  found  in  the  silver  fnfii#>  of 


a  Broduut,  U.  96.— Hanj,  til  4S3«— JameMo^iL  iij. 
fKirwaoiU.  ss3«-3roc]Mutt,  tL  pp^Hwj.S. 
fii. 


HATIVK  CINHAflAR. 

Salberg  *,  in  the  province  of  Dalccarlia  in  Sweden  ;  in 
the  mines  of  DeuJt  Fonts  t,  in  the  Palatinate  ;  and  in 
other  places.  It  is  in  thin  plates,  or  grains^  or  crystal- 
L lined  in  octahedrons  and  dodecahedrons. 

Its  colour  is  silvery  white  or  grey.  Fracture  con* 
tchoidal.  Lustre  metallic.  Creaks  when  cat.  Very 
|«t>ft.  Specific  gravity  above  10*  Tinges  gold  white, 
^.Before  the  blow-pipe  the  mercury  evaporates  and  leaves 
\  tlie  silver* 

A  specimen  of  this  amalgam,  analysed  by  Klapr oth, 

ooatained  *  •  • 64  mercury 

36  silver 


4tS 


AUor** 


loot 


According  to  Cordier, 


72*5  mercury 
27*5  Sliver 


100*0} 

Sometimes  it  contains  a  mixture  of  alumina,  and 
sometimes  the  proportion  of  mercury  is  so  great  that 
the  amalgam  is  nearly  as  soft  as  paste. 


Gekus  it.    Sulphurcts, 
Sfi.  I*     Native  Cinnabar  \\* 

This  ore,  which  is  found  in  almost  all  mercarial 
isnri,  is  sometimes  in  veins,  sometimes  disseminated. 


SIT. 


•  Cromtc^t't  Min,  \  Heyer.Creira  Anmsh^  179©, 


*  r- 


414  oait  OF  Muucvar. 

toiMtMoes  in  grains^  aod  sometimes  cr7«talUaed#  U 
divided  into  two  tubspecieiy  disODgiiidied  eliielj  If 
their  colour. 

SubspecUi  1.  Dark  Red  Cimuimr.  Coloor 
red  ;  sometimes  fidliog  into  lead  grej, 
MOg  into  csrmioe  redii 

taUized  in  obtuse  rhombi^  «usmM  tsUes^  sirriM 
prisms^  tetrahedroasp  aododidiedroiis.  •  Psiasiim  fmm^ 
according  toHany,  the  regular  six-sided  prisin.  *  Isiab 
smI  lustre  3,  2, 1,  adamantine.  Fmcturo  aomsliMi 
ine*grained  uneven;  sometimes  even  aadcondHiMt 
also  foliated.  Fragments  indetsrmiaatet  bionr  sj|pi. 
Transparency  of  the  massive  0, 1 ;  of  the  ctysldi  % 
Z.  Streak  scarlet  red  and  shuuog.  Vefj  soft.  Sso- 
tile.  Fraogibilitj  5.  Specific  graviqr  firomffOf  Is 
6*100. 

Subspicus*  2.  Br^bt  nd  Cumahar.  Colour  seadtt 
red.  Massive  and  disseminated.  Internal  hwtie  1; 
of  the  cross  firactulb  0.  Fracture  between  earthj  ai 
fibrous  ;  cross  fracture  earthy.  Fragments  indetenni. 
nate,  blunt-edged.  Opaque.  Streak  shining.  Sdh. 
Very  soft.     Sectile.     Frangibility  5.     Heavy. 

5;^.  2.     Hepatic  Ore  f. 

This  ore  is  divided  into  two  subspecies,  disdnguishcd 
chiefly  by  their  fracture. 

Subipecia  1.  Compact  Hepatic  Ore.  This  ore,  wind 
is  the  most  common  in  the  mines  of  Idria,  is  alirsys 


*  Rome  de  Litle,  iii.  154. 

I  Kirwao^ii  ai4w-.ntschsBt,  ii.  lQ|.pi*Ja 

OcUen't/Mrr.T.  437. 
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orphoua,  and  is  often  mixed  with  native  mercury  ?"*^''_'^^ 

d  cinnabar.  Found  massive*  Colour  between  d^rk 
bochineal  and  dark  lead  grey.  Its  streak  cochineal  red 
pnd  shining.  Fracture  even.  Opaque.  Internal  lustre 
Uf  If  aemimetallic.  Soft.  Sectile.  Frangibility  5. 
Specific  gravity  from  1*100  *  to  T18<5f .  When  heaU 
rd  the  mercury  evaporates,  II  is  Insoluble  in  nitric^ 
mad  soluble  in  muriatic  acid  %* 

Subspecies  2,  Slaty  Hepatic  Ore,  Occurs  in  Idria^ 
Almadin  in  Spain,  and  in  Siberia.  Colour  as  the  pre. 
ceding.  Massive.  Lustre  of  principal  fracture  3  ;  of 
JCTDSS  fracture  1^  semimetallic.  Principal  fracture  curved 
[thick  slaty  ;  cross  fracture  uneven.  Fragments  slaty, 
FrangibiUty  6,  In  other  respects  agrees  with  the  pre- 
ceding.     . 

The  following  Table  exhibits  a  view  of  the  constitu- 
Ifeots  of  these  species,  according  to  the  most  recent 
analyses. 


♦  Kkproth,  I  KirwiD* 

\  See  /mt.  dEr  ^hy4.  Siiv,  6f| 


4ia 

BoekUt 


oaSi'OF  MEftMiT. 


mfor 

Cimbac 

* 

0^ 

* 

t 

t 

f 

Uttmtf 

•1*0 

84*50 

sa-oa 

.•ito 

Salpbw      . 

15'fl 

14*15 

14-25 

13-1» 

Charcoal 

• 

«*w 

SiUca 

* 

d'05 

Alonuna 

••55 

Iraa 

.     ♦••» 

' 

0^ 

Copper 

, 

o«s 

Water 

O'-a 

Loss 

0-T5 

0-^5 

lOO'D 

too 

lOO    • 

100 

From  this  tftUe,  it  appetrt  thtt  the  hepa(pc  at 
ststft  diieflj  of  cimimbsr^  for  the  wmrvarf  aid  wi 
are  to  the  feme  profortioot  neerlj  u  is  at 
The  other  iogredientt  are  probaUj  oolj 
mixed. 

Genus  III.    Salts. 
Sp.  1.     Murihte  ||— ConiMai  Meremj. 

This  ore  was  first  discovered  bj  Woolfe  in  Ae 

mines  of  the  Palatinate  :  it  has  since  been  obsenred  it 

t     Idria,  Spain,  and  other  places.    Colour  ash  grej,  whid 


I 


•  Lamptdiut,  HtmSmch  %ur  Clem.  Ammi,  p.  260. 
t  From  Japu.    Klaproth,  Gehleii't  J§ar,  ▼.  435. 
I  From  NeumatkteL    Kbproth,  Ibid.  p.  436* 
{  From  Idria.    Kliproth,  IbkL  p.  44a 
1  ScopoU,  Jmr,  dg  Mim,  Na  ziitI  919. — Kirwia»  B.  s6l.«»: 
ih  loi — Hiiiy,  iiL  447^aiiiaoii,  ii.  iso. 


iimt4ri« 


pastes  into  fellowish  grcj^  grejish  whife,  And  some- 
times inclines  to  greenish  grey.  Uiually  lit  small  ve- 
sicles QtyuMizei  within*  Crystals  rectungubr  filar- 
sided  prisms,  t^rmiaated  by  four*stdtd  rhomboidal 
summits.  Very  imall.  Internal  lustre  4^  tdftilianiine. 
Fracture  straight  foliated  ;  sometimes  iti  fine  gmnular 
distinct  concretions.  Transparttiey  Q,  1.  Stfeak  timi- 
l«r.  Soft,  Scctile.  Frangibility  4»  VolatlHted  be- 
rforc  the  blow-pipe, 

Mr  Woulfe  discovered  that  this  ore  generally  conr- 
ttaiDS  some  sulphuric  acid*.  Specimens  bave  been 
^ound  in  which  the  quantity  oi  sulphuric  acid  exceeds 
that  of  the  tbUrlattcf. 

Ordek  VL    ores  of  copper. 

Coffer  is  one  of  the  most  generally  dl&tribdted  mt* 
tals»  and  occurs  in  a  great  variety  of  states.  It  is  found 
in  almost  every  formation^  but  is  more  frei^uent  in  thtf 
newer  primitive  than  in  any  of  posterior  dale.  It  is 
most  common  in  veins^  but  exists  also  abundantly  in 
bedsi  The  following  Table  exhibits  a  view  of  all  the 
ores  of  this  metal  hitherto  described  : 
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I»  Allots. 

1*  Native  eoppef 
!!•  SoLrauRiTS. 

1.  Common  sulphuret 

2.  Variegated  copper  ore 
:».  Copper  pyrites 


4-  White  copper  ore 
5*  Grey  copper  ore 
§«  Graugultigcrz 
7.  Black  copper  or« 
III.  Oxides. 
1 .  Red  copper  ore 


Talle  or 
iheSp 


t>d 


41S  0>^£S  OF  GOrPER. 

Book  lit        2.  Tik  ore  5.  Arseniate 
>^'"*^  "'        3.  Dioptase  Lamellu:  •ncnitt 

IV,  Salts  Lenticultr 

1.  Blue  carbonate  Olive  coloofcd 

2.  Malachite  6.  Muriate 

3.  Mountain  green  1.  Phosphate 

4.  Iron   shot    mountain         8*  Sulphate 
greca 

Genus  I.    Allots. 
Sp.  1.     Native  Copper^. 

Native  copper  occurs  now  and  then  in  tke  {nter 
number  of  copper  mines:  Sometimes  it  is  ioaais^ 
sometimes  in  plates  and  threads,  which  assume  a  nrie- 
tj  of  forms ;  and  sometimes,  as  in  Siberia,  it  isojtiiL 
lized  in  cubes,  octahedrons,  cubo*octahedroDi|8fldi& 
sided  prisms  terminated  by  six-sided  pyramidsfi  ■! 
In  tetrahedrons. 

Colour  commonly  that  of  copper,  but  sometimes  dii 
brown.  Lustre  metallic.  Streak  brighter.  Fradm 
hackly.  Flexible  and  malleable.  Hardness  6  to  1. 
Specific  gravity  from  TO  t  to  S'3844  {• 

Genus  II.     Sulphurets. 

Sp.  1.     Common  Sulphuret  \\m 

Vitreo7ix  Copper  Ore — Copper  Glance. 

This  ore  occurs  in  veins  and  beds  both  in  primiUTC 


•  Kirwan,  ii,  117.— Brochant,  ii.  138.— Hauy,  iii.  518. — Jamt«o,B. 
K78.  i  Hau7,^«ifr.  dt  Alim.  No.  xxii  509. 

I  Kirwan,  MwrfHTtaS.  f  Hauy^/^r.  de  Mm.  No.  imjBJk 

I!  Kirwan, ii.X44.~Brodiant,ii.  z6a.— Hany,ii.j5iif»JuKaQD,iiil> 
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.  rocks.     Werner  divider  it  into  two  sttbspc-    Sulphurett, 
di^'nguished  chiefljr  by  their  fracture* 
ftfiiciis  1.      Compact  Sulphuret.     Colour  dark  lead 
,  passing  into  blackish  grey.     Has  often  a  tern* 
1   steer i  tarnish.     Massive   and  disseminated^    and 
fr^f crystallized  in  cubes,  six-sided  prisms^  double 
||kd  pyraodidsi  and  octahedrons.  External  lustre  3  ; 
pal  3,  2,  metallic.  Fracture  smalUgrained  uneven  ; 
ng   into   conchoidal.      Fragments    indetermfnatc^ 
i«edged«    Streak  unaltered.    Soft.     Sectile.    Fran- 
Hb|,     Specific  gravity  from  4"  129  to  5*452  *, 
M^icifi  2 *     Foliated  Sulphurct,     Colour  as  the  pre. 
L     Massive  and  disseminated.     Has  not  been  ob- 
d  in  crystals.     Lustre  of  principal  fracture  3  |  of 

fracture  1,  metallic.  Principal  fracture  pretty 
ht  foliated  with  a  single  cleavage  ;  cross  fracture 
rained  uneven.  Fragments  indeterminate^  blunt« 
I*  Always  in  granular  distinct  concretion!*  la 
characters  agrees  with  the  preceding. 
is  species  before  the  btow-pipe  melts  easily  j  and 

in  fusion  exhibits  a  green  pearl|  which,  on  cool- 
I  covered  with  a  brown  crust-  Tinges  borax  greco,. 


y.     Variegated  Copper  Ort  \ — Buntkupftrer^. 

is  ore  is  found  in  masses^  6t  plates,  or  dissemina- 
lOflietimes  also  it  is  said  to  be  crystallized  in  octa* 
[10,  Colour  intermediate  between  copper  red  and 
beck  brown  ;  but  when  exposed  to  the  air,  it  bc- 
nJfit  red,  and  then  successively  violet^  aiure^  and 

IfiiiB,  f  Kirwaa,  AK*.  ii*  \\%, — BfochsBt*  IL  xiJL 

Dd2 


«C1 


Gkif^  It. 


0RS6  OF  correit. 

skj  bluci  lod  ftt  last  green ;  and  all  th«9e  colaontppar 
often  together*  Internal  ]i»(re  St  2$  metalUc.  Vrwam 
wtaall  imperfect  conchokUL  Streak  Miotlsr.  ttsH* 
MU  6  to  7.  Sp«cili«  gravify  ^*9^xo  4-s»i^  *«  Sttte- 
whut  sectile*     Frangtbtlitf  4. 

Effervesces  wtthnrtric  aeid,  and  ung*^  it  ^rren*  De- 
tagraies  with  nitre.  Beforie  the  Uow^pipe  n»hi  tta** 
Ijr  wlflieut  smoker  vapottfi  or  tmell  $  bot  is  not  i«Ai' 
ced.     Ttngts  borax  a  bright  green* 

Sfi.  5.    Cappft  Pjriiuf, 

This  is  by  far  the  most  coRimon  of  all  tbe  oroef 
copper,  ft  occuri  both  in  veins  and  beds  in  alvkoit  tntj 
fornfation.  Found  massive,  or  dmeounated,  or  crjv 
talHzed*  The  primitive  form  of  its  crjt taU  is  i^t  te- 
trahedron }  sometimes  the  angles  are  inmcated ;  loise* 
times  it  is  crystalliicd  in  octahedrons  and  dodccile. 
drons*  Colour  brass  yellow^  passing  oj^  the  ooebid 
to  golden  yellow,  on  the  other  to  steel  grey.  Sidirr 
usually  tarnished.  Internal  lustre  S,  metallic.  Fraclan 
uneven.  Soft ;  scarcely  gives  fire  with  steel.  Britik. 
Frangibility  4-  Specific  gravity  4'315.  Before  ik 
blow.pipe  00  charcoal  decrepitates^  emits  Uicodouf  of 
sulphur,  and  melts  into  a  black  globule,  which  gn* 
dually  ftsaiMnas  the  colour  ol  copper.  Tingci  lu 
grctu. 

Sp.  4»   tVhiie  Ccfper  On  J, 
.  This  ifiietts^  first  noticed  by  Heokelp.  im  mm  oCHi 


•  Kirwaiv  f  Kirwan,  tu  940.— Araduntt  u*  i^^^Vimf, 

kit  5i9>-^Jime«4i,ii.  193. 
J  Ktmaoi  IL  iji.— Brochant,  iLiJj^-^^JimeJOO,  fi-  I9t» 


G&£T  COTf  tR  one* 
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rarest  smong  the  copper  0Te&.  It  oceors  in  the  primi-  gtApliBnrti,J 
tfV€  tnonntaini,  and  hat  been  obsenred  in  ComwaUi  in 
diffcrtnt  parti  of  Germaiij^^  &c.  Colour  between  %iU 
vcr  white  and  broni^  fcMow*  The  fracture  soon 
acquires  a  greyish  yellow  tarnish.  Massive  and 
divsemlnated.  Internal  lustre  2^  metallic.  Frac- 
ture small-grained  uneven.  Sofl,  passing  into  semi- 
hard- Brittle,  Frangibilitjr  4*  Specific  gravity 
4  500  ••  Before  the  blow.prpe  yields  a  white  smoke« 
which  has  an  arsenical  smell|  and  then  melts  into  a 
freyi^  black  slag.  Said  to  be  composed  of  copper* 
iron,  arsenic,  and  sulphuTi  and  to  contain  about  40  fer 
tmt,  of  copper* 

Sp.  5.     Grty  C9pf>tr  On  f — Faht  Orr. 

This  ore  is  found  in  Cornwall,  Saxony »  Hungary, 

c*  It  occurs  massive  and  disseminated,  and  often 
llso  crystallized.     The  primitive  form  of  its  crystals 

the  regular  tetrahedron  ^  but,  in  general,  either  the 
mglet  or  the  edges,  or  both,  arc  truncafcdor  bevelled  J. 

Cdlour  steel  grey  ;  often  tarnished,  and  then  dark 
Streak  sometimes  unaltered,  sometimes  reddish 
MTOwn.  Powder  blackith  ;  sometioics  with  a  tint  of 
fed.  Internal  lustre  2,  3,  metallic.  Fracture  coarse 
kud  small  grained  uneven  ;  sometimes  inclines  to  im- 
perfect conchoidal.  Hardness  7  oT  8.  Brittle.  Spe- 
cific gravity  4-8648  J*     Deflagrates  with  nitre.     Be- 


f  Kirwan,  it.  146.— Kbproth't  Bfitr^iui*  tf?.  aBd|GehIa)*i  /«Mr.  r. 
J,— Brochant.il  175.— Hauji  iiUii^.— Jawc««m,li  WJf. 
.  $  Rome  4t  L*iU.  iti.  j  1  J.  and  HauyV  Al>rr.  ill  5,19. 

{  Hiwy,  /«r.  de  M/Jv  No,  xxit  S^h 


Kii>  cerriE  ati 

Frem  ihii  Ubte^  it  appears  probable  that  the  cotiii* 
toon  sulphuret  consists  esaentkHj  of  copper  ftnd  sul- 
phur*  la  the  Toriegatcd  copper  ore  iron  is  also  present^ 
and  the  copper  seems  to  be  in  the  slate  of  protoxide  ; 
cop^pcr  pjrritca  coBtatnsalsoiroo»  bat  the  stifphurestists 
in  it  lA  a  much  greater  proportion  than  in  the  prece* 
ding*  Grej  copper  ore  appears  to  be  a  compoand  of 
copper^  iron,  arsenic^  and  sulphur  ;  the  constituents  of 
gfuugultig<erz  are  the  same,  except  that  anttmotij^  is 
subiiitiittd  10  place  of  arsenic* 


Ondcf* 
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GtMUS  III.     OxmKs. 
Sp,  I,     Red  Copper  Ore^, 

This  ore  seems  to  be  peculiar  to  the  primuK^e 
mountains.  It  is  most  common  in  veins,  and  is  found 
in  Cornwall,  various  parts  of  Germany,  Sweden,  &c. 
It  has  been  subdiirtded  into  three  subspecies^  distin* 
guished  chieflj  by  their  fracture. 

Subspecies  I,  Compact,  Colour  dark  cochineal  red, 
incKning  a  little  to  lead  grey«  Massive  and  dissemi- 
nated, Jntcmal  lustre  l,  2,  semimetalllc*  Fracture 
even.  Opaque.  Hardly  ever  in  distinct  concretions. 
Streak  tile  red,  and  of  diminished  lustre.  Semihard. 
Brittle.     Fr^ngibility  4,     Heavy, 

Subspecies  2*  Foliated^  Colour  as  the  preceding. 
Crystals  are  redder,  and  sometimes  pass  into  dark  car- 
mine  red.  Massive,  disseminated,  and  crystallized  in 
cubes  and  octabedroa$  which  are  often  truncated.  In^ 
ternal  lustre  3,  2,  adamantine*     Fractiu-e  impfcfecc  fo> 


•  KATiriR,  iu  laj*— Broclune, «.  t9i.— Mauy^m.  55i*^Jainc90O,  ii.  909 
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Book  ni«  Hated.  Verj  seldom  in  granular  distiilct  coticretioiis. 
1  ^  Transpareocy  of  the  massive  0 ;  of  the  crystali  4  to 
2.  Streak  dirtj  tile  red.  Semihard.  Brittk.  Fran, 
gibility  4-     Specific  gravity  3*950. 

Smisjfucu*  3.  Capiliary.  Colour  carmine  red,  tome, 
timea  approaching  cochineal  red.  In  small  capiHiry 
crystals,  and  in  tables.  Lustre  3,  adaaiantine.  Tna^ 
parency  2. 

Red  copper  ore  is  soluble  with  e^ervesccooe  in  ni- 
tric acid,  and  in  muriatic  acid  without  effervesceoce. 
Before  the  blow-pipe  melts  easily,  and  is  reduced. 

Sp.2.     TiliOre*. 

This  mineral  occurs  in  veins,  and  is  divided  into 
two  subspecies  ;  namely,  earthy  and  inditrated  tile  on. 

Subspecies  1.  Earthy,  Colour  hyacinth  red,  somcb 
times  biownish  red.  Between  friable  and  solid.  Mas- 
ttve,  disseminated,  and  incrusting  copper  pyrites. 
CompoKd  of  dull  dusty  particles.  Soils  sligbdy. 
Heavy. 

Subspecies  2*  Indurated.  Colour  between  hyacinth 
and  brownish  red,  passing  into  lead  grey  and  blackish 
brown.  Massive  and  disseminated.  Internal  lustre  l. 
Fracture  between  even  and  large  conchoidal,  and  some- 
times passes  into  small  conchoidaL  Semihard.  Rather 
brittle.     Frangibility  4.     Heavy. 

Infusible  before  the  blow-pipe,  but  acquires  a  black 
colour. 


•  KirwsD,  ii.  137.— Brochant,ii.  x87^ainetoo,  u.  2x4. 


Sp,  S.     Bhps&se  ^.-^Copprr  Emerald. 

This  mineral^  which  at  first  was  confounded  with 
the  emerald^  is  found  in  the  north  of  Asia*  Coloor 
emerald  ^een.  Crystallized  in  six-sided  prisms  ter- 
nunated  by  threc«^sided  pyramids.  Primitive  form  o£ 
the  crystals  an  obtuse  rhonnboid.  Lusture  3,  vitreous. 
Fracture  foliated  with  a  threefold  cleavage.  Frag- 
ments indeterminate,  blunt- edged.  Transparency  2# 
3.  Scratches  glass  with  difficulty.  Brittle.  Specific 
gravity  3*3  f.  Before  the  blow- pipe  becomes  chesnut 
brown,  but  is  infusible*     Tinges  the  flame  green. 


Red  copper  ore,  according  to  the  analysis  of  Chenc- 
vix  and  KJaprbth  t,  consists  entirely,  when  pure,  of 
protoxide  of  copper.  Tile  ore  has  not  been  analysed  ; 
but  is  supposed  to  be  merely  an  intimate  mixture  of  red 
copper  ore  and  iron  ochre.  In  the  dioptase  the  copper 
is  in  the  state  of  peroxide.  The  constituents  of  this 
fninera],  as  ascertained  by  Vauquelin,  are  as  follows  - 

Oxide  of  copper 2B'57 

Carbonate  of  lime. •«..•  42*85 


0D*9D$ 


ft» 
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Genus  IV,    Siii.T|. 

Sfi.  !•     Bluf  Carbonate  o/Capfer^, 

M0uMain  hlu€ — A%ur  dt  cu%vr§^^Bht  c^lx  iff  C^ffr^ 

This  ore.  which  occurs  in  iKe  c^^icr  Qain^  of  &U- 
rii,  Sweden,  Gcrmanj,  Huogary,  Bfit«ut,  See*  is  mort 
comirvoti  in  the  floetz.  than  in  the  priaftiu%'e  TrrtHPHiii 
It  is  divided  imo  tuo  Hib^|>ectef.  * 

Snhifieci4$  U  Earthy.  Colour  suMiU  blue.  Usoi])^ 
friable ;  Kidom  ma&sivc.  Composed  ^  dtull  donj 
pdriicle««     Scareclj  soils.     Approaching  heavy. 

Subspecies  2*  Radiated.  Principal  colour  azure  Wo 
Occurs  ilso  betUn  blue«  and  lometimei  tocltivcs  toi 
blue.  The  colours  hfiye  a  Uight  tint  of  rod*  Seidooi  i 
sive;  more  frequently  botryoidal  and  $u)actilic{ 
Irtqueotlj  cryilalliKed.  The  crystals  mre  small, 
dUficulUo  ejcsmine.  Their  priitiiiive  form  isenec- 
tahedron*  the  ndes  of  wliich  are  scaletie  trtauf  les^  and 
two  of  tlism  more  iodincd  than  the  othen.  The  crji 
ials  are  often  rhomboid al  priSfEis»  terminated  by  foa 
tided  summits.  The  cdge»  are  often  variously 
caicdt'  Inicmal  luatrc  3,  2,  bctweeu  vitreous 
resinous.  Fracture  narrow,  straight^  and  scoptform 
radiated  i  sometinses  intiperfect  foliated.  Seldom  b 
granular  diitinct  concretions*  Transparency  of  tbc 
crystals^  2,  S.  Streak  similar «  Soft.  Rather  brittle. 
Specific  gravity  3*003  t-    It  effirrvesccs  with  nitric  add* 


a  Kirwan,  il*  a  19* — Monrca«»  Mem,  DlJ^n^  1783^  i.  S«zneitrf|  |i^  las 

— Broclwni^n.  190.— Hauy pill  561. — JamcioD,  ii.  aif. 

t  Rome  de  Liite  observe dg  that  the  cryfUlji  obtained   rrom  the  waim 
tii)Q  of  cop{>^  in  tmmonii  htve  rhr  ume  fbrmi  with  thu^  ofthif  1 
vid  tlila  olnenratms  hai  beta  crmfirmfd  hj  Hauf .  \  Briit^iw 


arul  gives  it  t  l>lae  colour, 
blackens^  but  does  not  melr 
effcrrcicence. 


Before  the  blow-pipe  il 
Tinges  bcfJii  green  with 


Sp.  2*     Malachite  *. 

This  ore  occutt  in  the  newer  priimtive  and  in  the 
floetz  moiKitains.  Il  has  been  divided  into  two  sub^ 
species,  distinguished  by  the  fracture, 

SuhsfHies  I,  Fibrous,  Colour  emerald  green;  some- 
times inclines  to  grass  green,  sometimes  to  dark  leek 
.green.  Seldom  massive  \  sometimes  disseminated,  and 
often  crystallized  in  short  capillary  prisms.  Internal 
lustre  3v  If  silky.  Fracture  usually  very  delicate  fi- 
brous }  sometimes  coarse  Cibrous.  Fragments  wedge- 
shaped  and  splintery.  Occurs  iu  granular  distinct  con- 
cretions. Transparency  of  the  crystals  2  ;  of  the  mas- 
sive 1.  Soft.  Streak  lighter.  Approacfiing  sectile. 
.Specific  gravity  3*5T1  +. 

Suhipfciii  2.  Compact*  Colour  emerald  green,  in- 
clining to  verdegris  green.  Often  tarnished  greeoisU 
whiteg  and  is  marked  with  stripes  of  s  darker  colour. 
MMaiver  in  various  pariUukr  shapes,  and  crystallized 
in  four-sided  prisms  terminated  by  four- sided  pyra- 
iiImU*  Internal  lustre  S,  2,  1^  silky.  Fracture  some- 
ttmes  very  delicate  fibrotu,  which  passes  into  cven^  this 
into  A^i  and  small  cuncboidali  which  sometimes  passes 
into  9maB*grained  uneven.  Fragments  indeterminate. 
Usually  in  tliiu  lamcilaor  distinct  concretions  ;  surface  of 
the  concretions  roughi  and  covered  with  a  thin  green 


•  Kirwan,  iL  iji*— Fonuoi,  /ntr^^  P6jt.  li.  509.— KlapftKh^  Ba- 
I         fBriaon, 
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Book  in.     film.     Opaque.    Soft*    Not  particularlj  brittle.   Fraa. 
1^^^     -    gibilitj  5-     Streak  similar.     Specific  gravity  3'683*. 
Before  the  blow-pipe  it  decrepitates   and  blackeni, 
but  docs  not  melt.      Tinges  borax  yellowish  greeo. 
Tinges  flame  green. 

Sp,  3.  Meuntain  Green  i-^ 
Found  in  the  same  situations  as  the  preceding  species. 
Colour  verdegris  green  ;  sometimes  passing  into  eine» 
raid  green,  and  sometimes  inclining  to  leek  green. 
Massive;  disseminated,  and  botryoidal.  Internal  lustre 
3,  2y  resinous.  Fracture  small  conchoidal.  Fragments 
indeterminate,  more  or  less  sharp-edged.  Never  in  dis- 
tinct concretions.  Transparency  2,  3, 1.  Soft.  Not 
particularly  brittle.  Frangibility  4.  Moderately  heavj. 
Blackens  before  the  blow-pipe,  but  does  not  melt.  Dis- 
solves in  acids  with  scarcely  any  effervescence. 

Sp.  4.     Iron  Shot  Mountain  Green  t* 
This  species  is  usually  accompanied  by  the  two  pre- 
ceding.     It  is  divided  into  two  subspecies. 

Subspecies  \.  Earthy,  Colour  olive  green  ;  some- 
times passing  into  pistachio  green.  Massive  and  disse- 
minated. Dull.  Fracture  earthy.  Soils  a  litdc. 
Fragments  indeterminate,  blunt-edged.  Opaque.  Streak 
nearly  similar.     Very  soft.     Frangibility  4. 

Subspecies  2.  Slaggy.  Colour  dark  olive  and  pista- 
chio green,  which  passes  into  dark  blackish  green. 
Massive  and  disseminated.     Internal  lustre  3,  2,  resi- 


•  KIrwan, 

t  Kirwan,  ii.  134.— Brochant,  ii.  aoj.^Jamcioii,  ii.  S33. 

t  Kirwan,  ii.  151. — Brochant,  il  205. — ^Jameson,  iu  437 
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ions.  Fracture  small  conchotdal.  Fragments  tndeter- 
ninate^  more  or  less  sharp^edged*  Opaque.  Streak 
^afcr.     Sbft.     Frangibilitj  4. 

5)>*  5.     Arseniaie  of  Copper^ 

>  Hitherto  this  speciet  has  been  found  oxAj  in  Com- 
IvaU.  It  was  discovered  above  20  years  ago  in  the 
Carrarach  mine;  but  it  had  become  exceedingly  scarce^ 
till  it  was  lately  found  in  abundance  in  the  Huel  Gar- 
iand  mine.  A  great  variety  of  specimens  were  car- 
ried to  London  ;  and  thej  have  been  admirably  descri- 
>ed  and  analysed  by  ttie  Count  de  Bournon  and  Mr 
Chenevix  *,  It  has  been  divided  into  three  subtpectes^ 
Kstinj^uished  chiefly  by  the  figure  of  their  crystals. 
Suhspeciet  I,      Fi>iiaifd  yirstmatef, -^Copper  Mica* 

Kour  emerald  green.  Massive,  disseminated,  and 
letimes  crystallized.  Crystals  thin  hexahfdral  lami- 
m  ;  the  six  faces  inclined  alternately  fo wards  the  op» 
msite  sides  of  the  plates^  so  that  three  lie  one  way  and 
hree  another.  Two  of  these  three  are  inclined  at  an- 
fks  of  1 35*  ;  the  other  at  an  angle  of  115**.  Divisible 
nto  thin  plates  like  mica.  Lustre  4,  pearly.  Fra^. 
inents  indetermiuate  and  tabular*  In  granular  distinct 
^oncretioni.  Transparency  of  the  massive  2 ;  of  the 
Ratals  4*  Scratches  gypsum,  but  nm  calcareous  spar, 
ectile.  Specific  gravity  2*349.  Decrepitates  wheo 
icatcd- 
Sutiptciet  2.  Ltmticular  j^rseniattX,  Colour  sky 
t^  which   sometiflDes  passes  into  verdegris  green« 


«  Phit  Tramr.  f8or»  p.  1 6^. 

f  B<>ttrnon  i*   *.  T^j«f.  i8oi, — Jtitiesoe/u.  S4:r< 
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Crjrtliilljc^d  in  obtuse  octahtdroOB,  cwnpottd  of  tvt 
four*aided  pyramids  with  isosceles  uianguliu-  faccv  tw 
of  which  are  more  inclined  ibsm  Ihe  other  Iwo*  The 
two  most  incUned  meet  at  the  apex  at  an  angle  of  150^ 
and  form  at  the  base  angles  of  50*^ ;  the  two  least  in* 
clitied  ineei  at  ilie  apex  in  an  angle  of  I15^»  uid  bm 
at  ihe  base  angles  of  65^.  Someiimes  the  apex  is  oio> 
verted  into  a  ridge  i  ihe  octahedroti  being  lengthtaed  fft> 
rallel  to  the  Icsa  inclined  planes.  £xtertial  ItiitrtS, 
Fracture  foliated*  Transparencj  s«  Scratches  cala* 
reotts  spar,  but  not  lluor  spar.  Raiher  brittle*  Fna. 
gibilttj  C.     Specific  gravity  fl*88i2« 

Sm^sfftdfj  3.  Oiwin  On  *•  Of  thia  subtpedes  tvs 
varieties  have  been  distinguished. 

I  *  Foliated*  Colour  perftct  oUve  green  i  soaNiDa 
indining  to  oil  green  and  leek  green*  Seldom  mi^ 
sive  >  usually  in  drusy  crusts  \  and  crystallized  in  my 
acute  rhomboids,  sometimes  having  their  angles 
cated.  Faces  of  the  crystals  smooth  ;  lustre  a^  4. 
ternal  lustre  2^  S,  adamantine,  Fracttire  imperfect 
Itfited.  Fragments  indeterminate.  The  masaive  rsrie* 
ties  occur  in  granular  dibtioct  coneretiooi*  Traotps* 
rtncy  £,  9.  Streak  straw  yellow.  Ver^  loft.  Sccw 
lik.     Specific  gravity  4*280g. 

S*  Fibrous.  Colour  olive  green.  Massire.  V». 
fielies  pass  into  Itvcr  brown  and  into  greenish  wbiM* 
Massive^  reniformp  and  crystallized  In  acicular  fear* 
sided  prisms.  Internal  lustre  2,  adamantine.  Fraetsft 
delicate  scopiform  fibrous.     Fragmeata  wcdge-ahapcd  \ 


•  Kirwvi,  ij.  i^i^firodune,  tj.  ioa.^Hatf » iii.  ir j.^lleiiraQa  lai 
CkntTls,  fUL  Tr^iin  i8Qi.'Klt|»r9tb,  iU.  187.— J«msoo«  iL  hT* 
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Dmetimes  in  coarse  granular,  and  in  curved  lamellar 
istinct  concretiorts.  Traitspjircncy  1  sometltnei 
cratches  fluor  spar.     Rather  britllc.     Specific  gratitjr 

^m  6*     Mtmate  of  Copper  * — Grem  Sand  of  Peru. 

This  ore,  which  was  brought  from  Ptru  bv  Donibej, 

\  ft  green  powder  mixed  with  grains  of  quartz*  When 
brown  on  burning  coals,  it  communicates  a  grren  oo* 

>1irio  the  0ame.  It  is  soluble  both  in  nitric  and  miu 
iatic  adds  without  effervescence.  The  soluiion  is 
[Teen.  This  mineral  was  first  proved  to  contain  mu- 
iatic  acid  by  BcrthoUct  t-     Afterwards  Proust  ar^alj- 

d  it  t  ;  but  Vauquelin  announced  that  he  considered 
t  merely  as  an  oxide  of  copper  mixed  with  common 
hdt  5.  However,  a  subsequent  examination  convinced 
lim  that  his  opinion  was  unfounded  ;  and  that  the  mi* 
leral  was  really  a  muriate,  as  had   been  affirmed  by 

lerthoUet  and  Proust  ||.     This  conclusion  has  been  con- 

rmed  by  Klaproth. 

Colour  sometimes  between  leek  and  emerald  green ; 
lometimes  between  emerald  and  olive.  Massive  and 
Brystallized  in  flat  six-sided  prisms,  bevelled  at  the  ex- 
^mitles,  and  in  oblique  four-sided  prisms*  Surface 
imooth  ;  lustre  4,  adamantine.  Internal  lustre  3,  resi- 
nous* Fracture  foliated.  Massive.  Opaque,  Crystals 
transparent.  Soft.  Streak  pale  apple  green.  Rather 
lectile.     Frangibiliiy  4*     Specific  gravity  5*510  **• 


^  Kirw«t»  it    ]49.->Hrochaiit,  ji,  545. — Hauy,  til  560* — Janmoni 

f  Mem.  P»r.  Jj%(t^  p.  4  atid  dt,  %  Atn.  dt  Chim.  xxiii.  S6- 

{  J9iir^  de  Mim.  No.  VLJt*  St9*  R  HaU)*i  ill.  563* 

••  Ltm  ether  ic. 

«W.  IK  £  e 
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Clwy.ll.  5j^.  7.     Phosphate  of  Copper  ♦. 

This  ore  hat  beea  found  at  Rheinbreidefbadi  wm 
Cologne,  and  was  considered  as  a  variety  of  "^«^*4il^ 
till  Klaproth  ascertained  its  composition.  Found  ms- 
sive,  disseminated,  and  ciystallized  in  small  ol&jae 
hexahedrons.  They  occur  in  groups,  often  so  sauB  ai 
lo  resemble  moss.  Colour  externally  greyish  Uack; 
but  within,  between  verdegris  and  emerald  greeo.  Ea. 
if mal  lustre  4^  vitreous ;  internal  l,  silky.  Fractsc 
fbrotts;  fibres  diverging.  Opaque.  Streak  apple  gRa 
Sectile.    Soft. 

Sp.  8.     Sulphate  of  Copptt. 

This  salt  occurs  occasionally  in  the  neighbourhood  if 
copper  allies,  either  massive,  in  particular  shapes^ « 
in  capillary  and  cubic  crystals.  Its  properties  have  bees 
already  detailed  in  the  First  Fart  of  thia  WoriL. 

The  following  Table  exhibits  a  view  of  the  cooilitB- 
ents  of  such  of  the  preceding  species  as  have  been  loi- 
lysed: 


*  Klaprotk,  iii.  :tex«»Brecluot»  il  544.    JametOD}  u.  574. 
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aja  Order  Vrl.    ORES  OF  IRON. 

Irok  is  the  most  abundant  of  metals;  it  ezubi 
every  formation,  and  assumes  the  most  diffi»cit  al 
even  opposite  shapes.  This  renders  it  a  more  Sk^ 
task  to  bring  its  ores  under  a  regular  arrangement  lh| 
those  of  any  other  metal.  The  following  TtbkolL 
bits  a  view  of  the  different  ores  of  this  metal,  atia|d 
according  to  their  component  parts ; 


'Mile  of 
tbe^ectct. 

1.  Alloys 

1.  Native  iron 

7.  Yenitc 

8.  Clay  ironstone  ore     ' 

II.  Sulphhrets 

0.  Bog  ore 

1.  Iron  pyrites 

2.  Magnetic  pyrites 

III.  Oxides 

IV.  Salts 

1.  Carbonate 

2.  Phosphate 

3.  Blue  iron  earth 

1.  Magnetic  iron  ore 

4.  Phosphate  of  inm  h 

2.  Specular  iron  ore 

3.  Red  ore 

manganese 
5  Arseniate 

4.  Brown  ore 

6.  Chromate 

5.  Sparry  iron  ore 

6.  Black  ore 

7.  Sulphate 

8.  Tungstate 

Genus  L 

Allots. 

Sp.  1.     Native  Iroa* 

This  mineral  is  rare,  but  it  has  been  observed  ia  & 
ferent  parts  of  the  world.  A  specimen.  Weighing abo 
4  lbs.  was  found  in  the  mine  of  Hackenberg  *•    CdA 


*  Cramer,  BhU.  M0g.  liii  jSi 


rirftiTEs* 


4M 


iwhite*    Fracture  hackly.   Lustre  metallic*    Mai*    Sulpbafcw. 
h    Magnetic.    Hardness  i  (o  £».     Specific  gravity 
■he  masses  of  iron  observed  by  PaUas  in  Siberia, 
■bill  de  CcJis  in  South  America^  See.  arc  now  con« 

kas  depositions  from  meteors*  They  arc  distin. 
L  from  native  iron  by  containing  nickel^  of 
I  the  true  specimens  of  native  iron  are  destitute, 
^ciroen  of  native  iron  from  the  mine  JohanncSi  near 
idorf  in  Saxony,  analysed  by  Kiaproih,  contained 
ft  92*5  iron 

^^^^^ 
^^^^^ft  copper 

^.         Ge 

^^^       5j&.  !•     Iron  Pyrites iu 

US  mineral  is  one  of  the  most  abmidant  in  nature^ 
ring  in  almost  every  rock  and  vein.  Its  forms^ 
are  equally  varied*  It  is  massive,  disseminated, 
liar,  ovitorm,  &c.  and  very  often  crystalliied. 
most  common  figures  of  its  crystals  are  the  cube, 
ctahedron,  the  rhomboidal  dodecahedron,  and  the 
ledron  \  but  the  angles  and  edges  are  often  van* 
truncated.  The  cubes  arc  sometimts  smooth  and 
times  striated:  the  striae  are  parallel  to  the  edges 
»c  laces,  and  in  three  different  directions.  Rome 
isle  showed,  that  its  pnmitive  form  was  sometimes 


100-0  * 
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Linrm,  il  76»«Bri>chaiit»  ii.  sii. — Haufi  it,  6j. — Bournooi  /f^r. 
f.  Mo,  taxT.  170^-^JaunciQti,  ii*  S5J. 
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i  €llbe  ond  sometimes  ao  ocUhfi4f«i.  Hmy 
ibe  cube  as  the  primitive  form.  But  wbcnwt 
la  ascertain  the  nitural  joints  of  Uie  crjital^  w^l 
auDe  eaiei^  obtata  a  cube^  ia  oibeca  an  nrwMm 
Haace  Bettfocm  ooatickf •  these  two  fefioa  aa  imk$^ 
wni  constimting  two  tpedea  oC  prfrtlaai  wkkk  k 
Ihiiiks  cbeaitcal  analjiit  will  one  4uy  deitiooitri^  ■ 
differ  in  tlietr  cocapoiition*  Tbe  utMcd  ciibtst  «k» 
ding  to  bimp  eonaiftute  a  third  aptoiet*  For  a  dm^ 
tion  and  figiare  of  the  difTerenl  crystals  of  this  laiiciat 
the  reader  may  consult  Kome  dt  Lisle  *,  Hiuj  t«  a( 
Bournon  J.  Wcntcr  divides  it  juto  five  subspeciti, 
even  these  scarcely  include  nil  the  variettes  of  tail 
neral  which  have  been  observed. 

Subspicia  !•     Common  Pyrites.,    Colour  bronze 
low.     Massiva  aad  crystallirtd  in  eubea,  either 
or  truncated,  in  octahedrons^  dodecahedrons^  aod 
icosahedrons.     Surface  lomelimes  smooth, 
streaked.     Lustre  froaa  4  to  ff|  OKtaUic.     FracHit { 
even.     Hard,    firitilc*    Frangtbiliqr  3.    Speciic 
vitj  4-^30  f  * 

SlAif^ms  2.  Radiated  Pyriiiu  Colour  broaie  jd* 
low ;  fomeltmes  inclining  to  brass  yellow.  Surfece w* 
nished*  Massive^  rentlona,  aad  crystaJltaed  ki  eetshe. 
dffoos,  either  perfect  or  Ironcattd^  aod  in  cobc^-oflibe. 
drons,  £]itema1  hisTre  from  5  to  i.  Fractvre  ndii* 
tad.  Pssses  into  libroiis  and  into  compact*  Frafncati 
wedge-shaped.  In  granulari  ktnellar,  mA  cofaBov 
distinct  concretions.  Hard.  Brittle.  FraagAB^i 
Specific  gravity  from  4*<)08  to  4'775  t|. 


^  Crpi^^,  ill.  K>8* 

f  /mt.  dt  Mim*  No.  \mx^*  l^O. 
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MAGNETIC  nUTTtS 


.^Mh^iWi  3*  Htpatic  Pyriifi*  Cokur  p«le  brftSs  SulftionMic 
ellow,  tntUnin^  to  steel  grey.  Fresh  fracture  becomes 
rcmn  when  exposed.  Massive,  tuberose,  Slc*  and 
(fystalK^ed  in  tctrahedrcms  and  six-sided  pmms.  In- 
al  lustre  l,  2,  metaUic*  Fracture  osutUy  even. 
Vagments  indeterminatei  sharp-edged .  In  distinct  c6ti« 
Tetions.  In  other  respects  the  same  as  the  preceding* 
l^ery  subject  to  decomposition. 

Smkspeciti  4*    Capillary  Pyrats*  Colour  dark  bronze 
elloWy  which  sometimes  passes  into  steel  grey.     In 
rerj  delicate  capillar  J  arjstah.    Lustre  metallic*    Brit* 
Ic.     Slightly  flexible. 

Subspecies  5.  dHular  Pyritet.  Colour  bronze  ycl* 
ow,  iocliDing  very  much  to  steel  grey,  and  a  little  to 
[teen*  Acquires  a  grey  tarnish.  Massive^  but  most 
re^uently  ceJIular,  Surface  of  the  cells  drusy*  Inter* 
al  lustre  i*  Fracture  even  and  flat  conchoidal.  Frag^* 
nents  indeterminate^  pretty  sharp*edged.  In  other  cha- 
racters agrees  with  the  preceding. 

Sp,  a.     Magnetic  Pyrites^ ^ 

This  occurs  only  in  the  primitive  mountaias,  and  has 
liitherto  been  observed  only  in  beds.  Colour  between 
bronze  yellow  and  copper  red,  and  sometimes  inclines 
to  pinchbeck  brown.  Acquires  a  brownish  tarnish* 
■Massive  and  disseminated.  Internal  lustre  $,  2^  metal- 
lic. Fracture  uneven.  Fragments  indeterminate,  blunt- 
edged.  Nci'er  in  distinct  ooncretton.  From  hard  to 
semihard.  Brittle.  FrangibiJity  4.  Specific  gravity 
4*518  t*     Attracted  by  the  magnet. 


•  Kirwu*  ii.  79.-<>^Brocfajutt|  U.  SIS*— Jaffidoa^  ti.  265. 
\  HltdMtL 
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Book  m. «  From  the  analysis  of  Hatchett  it  has  been  asoertaud, 
that  the  fir«it  of  the  preceding  species  is  a  supersalphi- 
jrety  and  the  second  a  comcnon  stilpharet  of  iron ;  mi 
that  sonoe  of  the  subspecies  of  the  first  species  dife  i 
very  little  from  each  other  in  the  proportion,  and  pn^ 
bably  in  the  state,  of  the  sulphur  *• 

G£NUS  III.    Oxides. 
Sp,  1.  Magnetic  Iron- Stone  f — Fer  OxidaU  of  Bvij. 

This  species,  characterized  in  some  measure  by  iti 
magneiic  properties,  is  divided  by  Werner  into  two 
subsp'  cies. 

Subspecies  ].  Common  Magnetic  Iron- Stone.  This 
ore  occurs  most  fiequently  in  |*rimitive  aioun tains,  tod 
usually  in  gneiss,  mica  s1at<.*,  chlorite  slate,  and  prioii. 
tive  lime-stone  ;  but  sometimes  also  in  rocks  of  die 
flor^z  trap  formation.  It  is  found  in  beds,  and  sometimes 
composes  whole  mountains.  It  is  verj  common  in 
Sweden;  it  is  found  also  in  SN^itzerland,  Norway, 
Riis.si;.,  &c.  It  occurs  massive,  in  plates,  grains,  and 
crystallized.  The  primitive  form  ot  its  crystals  is  a 
regular  octahedron  t*  Sometimes  two  opposite  sides  of 
the  pyramids  are  trapeziums,  which  renders  the  apex 
of  the  pyramids  cuneiform  ;  sometimes  in  cubes ;  some- 
times the  crystals  pass  in^  rhomboidil  parallelopipeds, 
and  into  dodecahedrons  with  rhomboidal  faces  $• 


*  See  the  remit  of  the  analysis  of  this  celebrated  chenuit  io  Vol  L 
p*  930  of  this  Work. 

t  Kirwan,  ii*  158— ^rochaot,  ii«  235.— Haof,  it.  so.— JaoKMO, 
Mi  169. 

}Rom^deLisIc,iii.i7S.  {Ibid. 


SPECULAR  UQir  ORE. 
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!olour  iron  black.  Powder  black  *.  Streak  iinal- 
fered.  External  lustre  3  ;  internal  3,  2,  metallic.  Frac. 
tore  uneven  ^  sometiittes  approaches  even^  abo  imper* 
feet  straight  foliated.  Hardness  0  to  10.  Sometimes 
ID  granular  distinct  concretions.  Briule.  Specific  gra- 
vity from  4'2aa  to  4*939+*  Attracted  bj  the  mag- 
aetf  and  generally  possessed  of  more  or  less  magnetic 
virtue  |.  To  this  species  belongs  the  magnet.  Before 
the  blow»pipc  it  bt^comes  browner,  but  does  not  melt. 
Tinges  borax  dark  green,  £y  the  anal  jus  of  Buchol^, 
this  ore  is  composed  of  a  mixture  of  two  distinct  oxides 
of  iron  and  a  little  quarts  j. 

Subspecies  2.  Iron- Sand*  Occurs  imbedded  in  ba« 
&alt  and  wacke,  and  in  the  sand  of  rivers.  Colour 
dark  iron  black.  In  small  angular  and  roundish 
grains,  and  in  octahedral  cryaiah,  Surface  rough  and 
feebly  glimmering.  Internal  lustre  3,  4»  metallic, 
fracture  perfect  conchoidal  ^  very  rarely  imperfect  fo- 
Jiated.  Fragments  indeterminate,  sharp- edged.  Semi* 
hard.  Brittle.  Fran^ibility  4.  Specific  gravity 
4*(500  ||.     Strongly  attracted  by  the  magnet. 


Gfttdfib 


t 


Sp.  2.     Specular  Iron  Ore  f . 
Iron  Gianct — Fer  OSgisU. 
This  ore  appears  to  be  confined  to  the  primitive  and 
Transition   mountains.      It  occurs  both  in  veins  and 
beds.     It  is  divided  into  two  subspecies* 


•  Hiuy,  /#»r.  dt  Mh.  No.  xiilli.  659.  f  Kirwoiii's  Mm,  sL  Ijf . 

\  Hauy,  J»wr»  A  Mti*^  No.  xxti  5)7. 

}  GehktiV  Javr*    S«coad  Scriet,  itL  lod.  ||  KirwiD. 

5  Kirwan,  ii.  i63<— Ceudmi,  Jwr,  de  Fiys^  it*  /S,*-Brochant|  IL 141. 
^-Uaiijtiv.  39,«JiiR«ioii,  lu  176. 
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Smbspeeies  1.  Common.  This  ore  is  feand  abtmdsot. 
Ij  in  the  isle  of  Elba  near  Tuscany,  in  Germsn^, 
France,  Russia,  Sec.  It  is  either  in  masses  or  crystsL 
tized.  The  primitive  form  of  its  crystals  is  a  rhosi- 
boidy  which  differs  very  little  from  a  cnbe  ;  the  angki 
of  the  rhombs  being  81^  and  03^.  It  occurs  in  t  yi. 
riety  of  forms  :  The  most  common  are  the  rbomboidil 
parallelopiped  ;  the  cube,  with  three  triangular  beta 
instead  of  two  of  its  angles  diagonally  opposite;  tv« 
six-sided  pyramids,  applied  base  to  base,  wanting  the 
summits,  and  sometimes  the  angles  at  the  bases,  nd 
sometimes  the  alternate  edges  of  the  pyramid  ;  a  poly, 
hedron  of  24  sides,  resembling  a  cube  with  three  tri- 
angular  faces  for  two  angles  diagonally  opposite,  sad 
two  triangles  for  the  rest  of  its  angles  ;  thin  octagons! 
plates^  bounded  by  six  Knear  trapeziums,  alterastdy 
inclined  different  ways. 

Colour  steel  grey  ;  often  tarnished,  snd  beantt/afly 
iridescent,  reflecting  yellow,  blue,  red.  Streak  cberry 
red.  Powder  blackish  red.  External  lustre  410  2*, 
internal  2,  3,  metallic.  Hardness  P  to  10.  Fractm 
sometimes  compact,  sometimes  foliated.  The  compact 
is  uneven,  and  sometimes  passes  into  imperfect  small 
eonchoidal ;  the  foliated  has  a  fourfold  rectangular 
cleavage.  Fragments  octahedral  or  pyramidal ;  some- 
times indeterminate;  usually  unseparated.  Fnmgibilitf 
2.  Brittle.  Specific  gravity  5-0116  •  to  5*218f. 
Slightly  magnetic.  Does  not  attract  iron  filings,  asb 
the  case  with  the  last  species.  Little  altered  by  the 
blow-pipe.     Tinges  borax  an  obscure  yellow. 


*  BrisBon.  f  Kinr^a. 


it£0  iioir^iT0«s* 

.♦  Suijfmtg^.  ilffVvfitaf  IwmOrt^Jron  mica*  Oc- 
€ltrt  in  Fefihshire  ami  other  parts  of  Scotlftnily  &c. 
^Colour  iron  black.  The  thin  plates^  whtti  held  be* 
twcen  tlie  eye  and  the  lights  appear  blood  red.  Mas- 
stive,  and  cry  stall!  £ed  m  thin  six-sided  tables.  Surface 
of  tile  crystals  smooth  aiKl  splendent.  Internal  lustre  4, 
3»  metallic*  Fracture  perfect  ctirve^-foHated.  Cleavage 
aingle.  Fragments  sotnetimes  itideiemiinate  ;  some- 
liioes  tabular.  The  massive  occart  in  granular  dts* 
ttfiet  eoncrctions.  Transparency  1  }  in  thin  plates  £. 
Slreak  chnry  red*  Semihard.  Brittle.  Frangibiliry 
6*  Speciiic  gravity  S'50  to  5*07  *,  According  to  the 
analysis  of  fiuch<il:£  this  subspecies*  consist)  entirely  of 
peroxide  of  iron  f  • 
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Sp^  3  •     Rid  Irot^Siont  ^  • 

This  is  one  of  the  most  common  iron  ores.  It  oc* 
curs  in  great  abundance  in  Lancashire^  and  in  difTerent 
parts  of  Germany  ;  but  scarcely  in  Kussia^  Sweden^ 
Norway,  Poland,  or  Hungary  J.  It  is  found  both  in 
beds  tod  veins,  and  both  in  the  primitive  and  floetx 
mountains. 

Colour  red.  Streak  blood  red.  Specific  gravity 
from  2'©52to  5*005.  Before  tbc  blow-pipe  blackens^ 
but  does  not  melt.  Tinges  borax  yellowish  olive 
green.  When  digested  in  ammonia,  it  becomes  black* 
and  often  magnetic.  It  is  usually  divided  into  four 
subspecies. 

Svhspmes  I .    Rtd  Scaly  Iron  On^^Eisenrbam^^Jrtm 


•  Kirwin.  f  Gebkn*t  7wr.    Secood  Serici,  iii  104* 

X  KireriD,  ii.  i$% — Brochant,  il  a49.<^JilBCMB|  ii.  l8j* 
f  }mumo^  ii  395. 
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Book  III.  Ih)tb.  Colour  between  cherry  ud  brownish  td, 
^'  -  often  pasting  into  steel  grey.  Usually  friable.  LustR 
J,  semimetaliic.  Feels  greasy.  Hardness  3  to  4 
Brittle.  Moderately  heavy.  Composed  of  scaly  fii. 
able  parts,  which  soil  strongly.  This  subspecies  ii 
rare  -,  it  occurs  in  different  parts  of  Germany  and  Hon* 
gary  and  Britain. 

Subspecies  2.  Red  Ocbre*  Found  sometimes  in  pow- 
der, sometimes  indurated.  Composed*  of  dusty  ptr- 
tides,  which  have  a  faint  glimmering  lustre.  Colov 
light  blood  red.  Soils.  Feels  meagre.  Not  parties* 
larly  brittle.  Specific  gravity  2*952.  Hardness  3  Is 
5.     Accompanies  the  other  subspecies. 

Subspecies  3.  Compact*  Found  massive  and  disn. 
minated,  and  in  various  imitative  forms ;  soroerimcs 
crystallized  in  cubes  or  four- sided  pyramids,  hawnj 
their  apex  truncated.  Colour  between  brown  red  and 
steel  grey.  Fracture  usually  even,  rarely  passes  into 
coarse-grained  uneven,  large  conchoidal  and  ilatf. 
Lu&tre  1,  semimetaliic.  Hardness  7  to  0.  Nut  pani. 
cularly  brittle.  Spcci6c  gravity  3*423  to  3*7e*. 
Sometimes  invested  with  a  rosy  red  ochre.  Found 
abundantly  in  Germany,  France,  &c. 

Subspecies  4.  Red  Hccmatites,  Found  in  masses,  and 
all  the  variety  of  forms  of  stalactites,  in  kidney  form 
balls,  &c.  Colour  between  brownish  red  and  steel  grey. 
Powder  red.  Internal  lustre  1  to  2,  semimetaliic 
Fracture  fibrous.  Fragments  usually  splintery  or 
wedge-shaped.      In  angular  granular  distinct  concrc. 


•  Kirwan. 


tbos.     Hardncu  9  to  lO.     Brittle. 
Specific  gravitj  4*14*  to  6*005  f* 


Frangibility  3.       ^"<*«« 


Sf,  4.     Brawn  Ircn^Stone  J. 

This  ore  is  found  in  the  newest  primiiive  luountains, 
but  more  frequently  in  the  transition  and  floetz.  It 
occurs  in  veins,  beds,  and  mountain  masses.  In  Rus- 
aia,  Sweden^  and  Norwaj»  it  is  scarcely  found.  In 
Britain,  it  has  been  observed  in  small  quantity  in 
Cornwall,  and  if  one  of  the  Shetlands ;  but  it  abounds 
in  Germany,  France,  and  Italy  J.  Colour  brown- 
Streak  brown  or  ochre  yellow*  It  is  divided  into  four 
subsp<:cies. 

Subs  fifties  I*  Brown  Scaiy  Iron  Ore — Brown  Iron 
Froth*  This  subspecies  is  generally  incumbent  on 
other  minerals.  Colour  between  clove  brown  and  steel 
grey.  Between  friable  and  solid.  Massive,  coating, 
and  frothy.  Composed  of  scaly  particles.  Lustre  3, 
S,  metallic.  Soils  strongly.  Feels  greasy.  Hardness 
S  to  5.     So  light  as  often  to  float  on  water. 

Suhspecies  2.  Ochry  Brown  Iron^Stone,  It  occurs 
Votli  massive  and  disseminated.  Colour  very  light 
yellowish  brown.  Between  solid  and  friable.  Com- 
posed of  coarse  earthy  particles,  dull  or  faintly  glim- 
mering. Soils  strongly.  Hardness  3  to  4*  Between 
brittle  and  sectile.  When  slightly  heated  reddens,  Ac* 
companies  the  other  subspecies. 

Subsfiecies  3.  Compact  Brawn  Iron-stone — This  sub- 
species occurs  in  masses  of  very  various,  and  often 


•  Gcllcrt.  ,  f  KirwMi* 

{  Kitw^n^  it*  i6|.— Bfochtm,  ti.  %$y. — ^Jamffto,  il«  996. 
I  pmswDt  n.  307. 
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fantastical  shapes  ;  iorDetimea  in  psendo-erjrstib.  Ca*] 
lour  clove  brown.  Internal  lustre  1,  leousK^dlk.] 
Fracture  cominonly  even.  Fragments  indei 
blunt-edged.  Streak  yellowish  brown*  FrsngibiUty] 
4*  Hardness  OtaO.  Brittle.  Specific  grairttj  3*4771*^ 
to  3'152 1- 

Suhspeciu  ^  Brown  Httwiaika*  The  name  hmoa^ 
tke»  (bloodstome)  was  probably  applied  bjr  the  ^ 
denti  to  thoie  or<^a  only  which  are  of  a  red  oolovrt  aai 
have  some  reiemblance  to  clotted  bjood  i  but  by  tk 
modems  it  is  applied  to  all  the  ores  of  iron  whicb  giw 
a  reddish-coloured  powder,  provided  they  be  of  a  S* 
brous  texture* 

Brown  haematites  occurs  rarely  massive,  osoally  ts 
imitative  forms  of  various  kinds,  and  iometimn  ia 
pseudo-cryitals^  consisting  of  six-aided  acmtt  mg^led  py* 
ramids.  Colour  clove  brown  ;  aometiaiei  piaaing  iai» 
ateel  gtey,  bluish  brown  or  ochre  yellow  j  sCMnetiroes 
iridescent.  JExtemal  lustre  4;  internal  2,  bet««it 
silky  and  resinous*  Fracture  fibrous.  Fragncnts 
splintery,  wedge-shaped,  indeterminate.  In  graniiitr 
distinct  concretions.  HardnessSiolO.  Brittle.  Opiqae. 
Specific  gravity  S'lSQ  X  to  S'QSl  f  •  Not  magnetic. 
Streak  ochre  yellow* 

Sf*  5-     Sparry  Iron  Ort  |(« 

This  ore  is  common  in  Germany,  France,  andl 
aad  oceurt  in  small  quantities  in  Brtciin*     It  it  < 


•  BriMon.  f  Kirwin,  \  Getlot*  (  Kirvm 

H  Kirwui,  ii.   rja^BctgmuD,  li.  184,— Daycn.  Jmir,  A^  flyj, 

•.- jtni«toii^  ii.  |oa. 


lOt&etimcs  in  amorphous  masses,  and  sometimes  ciys- 
talllzed  in  rhombs,  lenses,  octahedrons^  and  dodecafae* 
droQi. 

Colour  light  yellowish  grey^  passing  into  yellowish 
brown  and  blackish  brown.  Sometimes  intermediate 
between  yellowish  brown  and  greenish  grey.  On  ex- 
posure to  the  air  or  heat  the  colours  change  into  brown 
or  black.  Internal  lustre  from  4  to  I,  pearly.  Frac* 
ture  more  or  less  perfect  foliated.  Cleavage  threefold. 
Fragments  rhombs  like  those  of  calcareous  spar* 
Transparency  1,  2^  0.  In  granular  distinct  concretions. 
Streak  yellowish  brown*  Harder  than  calcareous  spar. 
Not  particularly  brittle.  Frangibility  4.  Specific  gra- 
vity 3*540  to  3*810  *«  Becomes  bhck  before  the 
blow-pipe. 

This  ore,  which  occurs  both  in  primitive  and  fioetz 
motmtainsy  was  long  confounded  with  grey  ore  of  man- 
ganese, and  was  first  accurately  discriminated  by  Wer- 
ner. It  It  a  rare  mineral.  I  have  specimens  of  the 
Crst  subspecies  from  the  neighbourhood  of  Paisley.  It 
11  divided  into  two  subspecies. 

Subipecm  1.  Compact  Black  Iron^Stone.  Usually 
nassive  ;  often  in  various  imitaeive  forms.  Colour 
between  steel  grey  and  bluish  black.  Internal  luster 
]y  2»  semimetallic.  Fracture  usually  conchoidal ;  some- 
times passing  into  uneven.  Fragments  indeterminate, 
sharp-edged.     Streak  shining,  but  no  change  of  colour. 


Ovidei. 


•  Kirwan, 
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Book  nt     Brittle.     Hardness  7.      Frangibility  4.     Specific  gn- 
Cbam,  11. 

\       ^      f    Tity  4*076. 

Subspecies  2.  BlacJ^  Hamatites.  Colour  incfina 
more  to  steel  grey  than  the  preceding.  Massive  ad 
renifonn.  Internal  lustre  i,  2,  semimetallic.  FnCi 
tare  delicate  fibrous^  passing  into  even.  Fragmeitt 
wedge-shaped.  In  coarse  granular  distinct  concretioos 
Streak  shining.  In  other  characters  agrees  with  th 
preceding. 

5^.  7.     Yenite  *. 

This  mineral  was  discovered,  and  brought  fromtb 
isle  of  Elba  by  Mr  Le  Lievre.  Its  colour  is  soroetiBei 
velvet  blacky  sometimes  brownish  black.  It  occm 
both  massive  and  crystallized.  The  form  of  the  cr7i» 
tals  is  a  rectangular  four-sided  prism,  terminated  bji 
flat  four-sided  pyramid,  the  sides  of  which  are  set  opoi 
the  lateral  sides  of  the  prism  at  angles  of  104^.  Smm- 
times  the  edges  of  the  prism  are  truncated.  The  tido 
of  the  first  variety  are  longitudinally  streaked.  Fnc* 
ture  uneven.  Lustre,  resinous.  Cleavage  threefold, 
two  of  them  parallel  to  the  sides  of  the  prism,  the  thiid 
parallel  to  the  shorter  diagonal  of  the  rhombs.  Opaque. 
Semihard.  Scratches  glass,  but  not  felspar.  Specific 
gravity  from  3"82  to  4*00.  When  exposed  to  the  air 
its  surface  acquires  a  brownish  or  ochre  yellow  colour. 
Before  the  blow- pipe  it  melts  into  a  black  glass,  attract- 
cd  by  the  magnet.     Soluble  in  muriatic  acid. 

It  forms  beds  in  a  rock  which  appears  intermediate 
between  actinolite  and  hornblende. 


*  Geh!eQ*8  /mt.    Second  Scries,  iii.  86. 
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Sf,S^     Clay  Iron- Ston€^* 

This  extensive  species  occurs  both  in  the  primittve, 

iransition  and  floctz  formations  ;  and  though  it  contains 

ess  iron  than  the   species  already  described,   it  is,  in 

S  countrj  at  least,  preferred   to  them^  because  the 

thod  of  extracting  pure  iron  from  it  is  easier,  or 

father  because   It  is  better  understood.     It  ib  divided 

Dto  seven  stibsptcies. 

Suh species  1.     Reddie — Red   Chalk,      This  minrral, 

B|^h  occurs  chiefly  in  ihc  newer  clav-slate,  is  princi- 

HPy  used  for  drawir;g«    Fuund  massive^    Colour  light 

■fownish  red*     Printip^  fracture  slaty.  Cross  fracture 

Bte  tarthy.     Lustre  of  the  principal  fracture  1 ;  of  the 

Toas  fracture  0.    Fragments  usually  splintery.    Streak 

ighter,  and   more   shining  than  the   fracture.      Soils 

trongly.  Very  soft.    Seciile.    Frangibility  4.  Adhtres 

the  tongue.     Feels  meagre.     Specific  gravity  B '9 31 

3-1391  f, 

Sitbspecies  2.  Columnar  Clay  Ir(m*Stone*  A  rare  mi- 
teral,  and  seemingly  psc:udo-volcaniC|  iu  some  cases  at 
ast.  Found  in  Arran,  and  in  different  parts  of  Germany* 
}olour  brownish  red.  Massive.  Internal  lustre  0, 
racture  fine  earthy*  Almost  always  in  columnar 
net  concretions,  which  have  a  rough  dull  surface, 
treak  blood  red.  Soft.  Brittle.  FrangibUity  6.  Ad- 
res  a  little  to  the  tongue. 

Subtp^cUs   3,     Lmticniar  Clay  Jron'Siont^~-^anosi 

^on-Sionf,     Occurs  in  transition  and  floetx  mountajos* 

our  brownish  rcd»  passing  into  steel  grey,  and  into 


QjLidet. 
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t€ddkb«   yelbwt&h,   and   blncktsh   browa.      Mj 
Internal  luiltc  J^  2,  seroimclallic.       Fracture  aj 
Ijr  earthy,  and  sometimes  slaty.     Fragments  iodcicrak 
oate,  blunuedged.     In  granular  aad  Icoticiilar 
coDcrnions.      Red  variety    jiclds  a    light   red 
the  yellow iih  a  yellowiib   browD|    aad    the   bl 
greyish  black  streak.     Soft.     Sectile*     FrangiWHij;] 

SuhifecUi  4.  Jajpcry  Clay  Ir(m*St&ne,  Found  k 
twecn  Vienna  and  Hungary,  in  a  large  bed  in  flofix 
mountajni*  Colour  farowni&h  red.  Mas&ivc.  htaii 
lustre  1.  Fracture  Hat  concUDidal,  sometimci  piiii| 
into  even.  Fragmetus  rhombojdal,  cubical*  trapctoijil 
Stresk  light.    Soft,     Brittle,     Frangibility  4, 

SuhspecUi  5.     Common  Clay  Iran^Sione^ 
bcd»  m  floetx  mountains.      Found  abundantly  bc&' 
Scotland  and  ILngland.     Colour  light  yellowiib 
inclining  lo  sish  grey  ;  it  pasi»cs  into  bluish  gtry, 
Into  yellowish,  reddish,  and  clove  broWD,  and  bre«cok 
red*     The  light  varieties  change  their  colour  ooapo« 
sure;  they  become  yellowish,   then  browOp  and  Mini 
^lacli.      Massive    and  tn  various   extraneous 
cfipccially  of  shells.     Internal  lustre  0.      Frtdore 
ally  earthy,  sometimes  flat  conchoidal  and  even, 
ments  indeterminate,  blunt-edged.     Soft.      Ratbo^ 
tie.     Frangibility  4*      Adheres  a  little  to  the  loikfpt^ 
Feels  meagre.     Specific  gravity  from  2*936  to  5 

Subspecia  6.      Kidmyforfn  Clay  Ipym'Si^ise 
or  Eagie  Stom*       Occi:irs  imbedded  in    iroji^&lioi 
in  the  newest  floetz  rocks*     Common  in  Sco 
othct  cotintrics.      Colour   jcllowiUi    brown,   v; 
in  intensily   in   the   same  specimen  ;   externally 
darker,  and  intern  illy  lightct      Sometiipes  it  i 
an  o'bbre  y&llow  kerucL     la  roundish  ma»eSy  b^m  dc 


100  ntoK  one* 

ice  of  ft  walnm  to  that  of  a  maa'i  bead.      Fracture 

penr  the  surface  evcn>  near  the  centre  earthj.     Lustre 

pf  cicternal   layers   1,  semimeTalltc  ;  of  the  centre  0. 

Pfagmcnts  mdeterminite.     In  concentric  lannellar  dis. 

net  eoncretionSi   inclostng  a  nodule  often  loose.     Sor- 

ice  of  concretions  rough  and   glimmering.     External 

ajrers  soft,  internal   very  soft.     Brittle,     Frangibilitj 

k     Adheres  to  the  tongue.     Specific  gravity  2*514. 

Subspecies  !•    Fisiform  Iron*Stonf^    Supposed  to  oc* 
lar  in   the  second  doetz  lime-stone  formation,  and  in 
Any  beds.     Found  in  Scotland,  and  in  various  parts  of 
^rmany,  &c*    Colour  within  yellowish  brown  ;  witb- 
l«it  reddish,  yellowish,   and  liver  brown,   and    some* 
imes  yellowish  grey.     In  small,  round,  and  spherical 
raina.      Internally  ic  passes  from  duU  to  glistening  i 
ie  centre  of  the  grain  being  dull,  and  the  lustre  in* 
ifeasing  as  we  approach  the  surface.     Lustre  resinous* 
fracture  towards  the  centre  fine  earthy,  near  the  sar« 
met  even.     In  thin  concentric  lamellar  distinct  ooDct«« 
dons,  having  a  smooth  gli stealing  surface.     Streak  yel- 
lowish brown.     Soft.     Not  very  brittle.     Frangibility 
I.     Specific  gravity  5*  20 7. 

Sp,  0.     Bog  Ircn  Ore  *. 

This  species  belongs  to  the  newesi  formation,  and  is 
mpposed  to  be  daily  deposited  from  water  in  morassy 
p-Qunds.     It  is  divided  into  three  subspecies. 

Subspecies  I*  Morass  Ore*  Colour  yellowish  brown. 
Sometimes  friable  ;  sometimes  nearly  cohering.  The 
Viable  composed  of  dull  dusty  particles  ;  the  cohereot 


•  Kirwin,  ij.  i79.-*Etoauuie,  ii,  aSs,— Jamc»oo,  li  314, 

Ff2 


ijgfc^W  mmmi/9^  corroded,  and  in  graiat,  Luire  0«  Fficte 
'^^^'  mrthy.  Soils  pretty  ttrangly*  Fceli  oM^re.  li^ 
Adiyorfif  S.  5'fiMMiy  0/v«  Colpur  dariL  yeibvii 
bfiffniA  jCoiToded,  voeicnlary  and  aaHrphoue.  hipa 
nalkittra  €^  U  S«  Fcactsfc  oarthy,  pniimf  ibId  iHi 
gtwimi  ^neyea*  Sireak  yellowish  brown,  Vttj wt 
fkMh.    Frangibiiity  4.    Specific  gravity  9*044^ 

AnA^^amv  S.  MimdtfW  Orw.  Cdoor^  whes  ficii 
bffohonb  Uaddih  broiim.  Massive,  in  gralasi  fdh, 
tmtt^iu^    lasmal  Imtre  3,  f,  resiiioM.     Smm 

adws"graiiied  tfaeveo*  Frayseuls  iadatif raBJastc^  Ih^ 
odgad.  Streak  light  ydlowkh  grey^  Soft.  Urn 
hriltlt;    Fraaglbililj  5.    He«^« 


Fair  of  dufemaseitoM  spades  bdoDgingio  lhii|aa 
Ifavttbaea  saljectedto  ohooucal  analysis*  Ikftk 
lairing  TaUe  eiliibits  a  Tisw  of  the  mnsrifiMsii  if 
Aose  which  have  been  ascertained* 


•  KirwiB. 
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Genus  IV,    Salts* 

Sfi,  I,  Carbonate  of  Iron  *# 
This  mineral  was  found  in  Bareuth,  and  sent  hj  Mr 
aberle  to  Bucholi,  who  subjected  it  to  a  chemical 
alysis^  and  ascertained  its  composition.  Colotrr  brown- 
yellow,  falling  into  green.  Sometimes  in  small 
ins }  sometimes  in  rhombotdal  crystals.  Lustre  2* 
ransparency  2.  Hard.  Powder  brownish  yd  low, 
pccific  gravity  3*333.  When  heated  to  redness  it 
becomes  strongly  magnetic^  attracting  iron.  It  is  pro- 
^bly  a  variety  of  sparry  iron  stone. 

Sfi,  2'      Pbosfhate  of  IrQn\, 

This  mineral  has  been  found  in  Brazil,  snd  in  the 

Esle  of  France,      Its  composition  was  first  detected  by 
/"auquelin.     Specimens  brought  by  Mr  Roch  from  the 
sle  of  France  were  subjected  to  chemical  analysis  by 
Cadet  and  Laugier. 

^  It  is  said  to  be  found  imbedded  in  a  species  of  clay. 
In  round  pieces.  Fracture  radiated.  Composed  of  ca- 
^piUary  crystals  diverging  from  a  centre.  Crystals  ap- 
^>afcnily  four-sided  prisms.  Transparency  of  the  in- 
dividual crystals  2.  They  are  nearly  coloorlcss^  but 
blue  powder  coats  them,  which  gives  a  blue  ap- 
mrance  to  the  whole  mineral.     The  constituents  both 


•  BucKoix,  Gthlen*i  Jmr,  i.  231. 
I       \  Cadet  t  7«tfn  d*  Fhjit  WiL  15  9. — Fourcroy,  Anm*  ie  Ciim  U  i 


of  the  crystals  and  powder  ihc  same.     Specific 
2*539»  accordiiYg  to  Cadet;   2*0.  accordiog   to  LAitgie 

5/,  3*     5/iff  Irm*Eartb  ^-^Naiivt  Prussian  BhA 

Tbi%  q3]tier*il  is  consiidered  at  ptcseiit  js  m  pt 
of  iron,  in  Lonscquci^cc  oi  the  analysis  of  KlapfdUi. 
occurs  in  nests  umong  the  strata  vi  ciaj,  bog  iroofli, 
oir  in  mosses.     It  is  m^ssivcp  composed  of  carlk|  {i»{ 
tides  without  lusirr,  and  triable.     At  fif^t  lU  color ai 
greyish  white,  but  when  exposed  to  ihc   air  it  beaa 
indigo  or  smalt  blue.      Soils   slijjbUy.      Feels  hm^ 
Moderatdy  heavy.    Before  the  bIo\v*|}ipr  bcooiK^sf 
dish  brown^  and  meh^  into  a  bla^k  briUiant  fl 
which  tinges  borax  deep  yellow.     Dissolves  resiiijjfj 
acids. 

Sp,  4.     Pbmphati  af  Iron  and  Manganen  t— W 
Iron  On* 

This  mineral  WES  discovered  by  Alluau  near  Lmo^es, 
and  sent  to  V^uquelin  as  an  ore  of  tin*  It  ti  ftwnl 
massive.  Colour  raven  black.  Stirfacc  cartbf,  ml 
without  lustre  ;  internal  lustre  3,  4^  resinous.  FriOni 
flat  and  pretty  perfect  foliated.  Fragments  tndetenniiistei 
pretty  shaip-tdged.  Transparency  i.  When  held  be- 
twcen  the  eye  and  the  li^ht,  appears  blackish  grceaoB 
the  edges.  H»rdncss  !•  Brittle  Frangtbility  8.  Spe* 
cific  gravity  3*(^56.  Before  the  blow-pipe  it  melts  iato 
n  black  eoamd. 


•  KirwiO*  ii.  185, — Brothani,  ii.  aSl^tlauy,  vi  j  i9.*Jtsieaa,i 
J40. 

t  Jmr.  it  Mm.  NOw  hlT.  S95^  An,  ib  G&ia.  liL  S^S^— Bro^toc,  t 

I3|i«*]«caaofi^  ii.  569  lod  $11, 


Sp,  S.     Arstmiati  of  /ron»^^Cu6t  Ortn 

This  ore  was  first  mentioned  hy  KUproth,  but  mista* 
ken  by  hicn  for  arseniate  of  copper  containing  iron*  : 
it  has  been  found  in  Carrarach  and  in  Mutcreil  mines 
in  CornwaK  For  the  description  of  it  we  arc  indebt- 
ed to  Bournon,  and  for  its  analysis  to  Chenevix. 

This  ore  is  crystalliied  in  cubes,  which  are  some- 
times a  littie  flattened!  and  in  !»ome  cases  the  angles  are 
truncated,  ad  small  equilateral  triangular  faces  substi* 
tuted  for  them.  Sometimes  the  alternate  angles  only  arc 
truncated.  Colour  olive  green.  Internal  lustre  2,  be- 
tween pearly  and  adamantine.  Fracture  imperfect  fo- 
liated. In  granular  distinct  concretions.  Transparency 
about  2,  Streak  straw  yellow.  Brittle.  Soft.  Spe- 
cific gravity  3* 00,  Sometimes  in  the  state  of  a  powder 
of  a  reddish  yellow  colour  f . 

Spn  6.     Arseniaie  of  Imn-and^^Coppir* 

This  ore  has  been  found  in  Carrarach  and  Muttrell 
mines  in  Comwal.  It  was  discovered  likewise  in  Spain 
by  Proust  t,  and  in  Siberia  by  Pallas  J,  It  was  first 
meutioned  by  Klaproth,  who  considered  it  as  an  arse* 
niate  of  copper  ||  ;  but  the  experiments  of  Mr  Chenevix 
have  proved  it  to  be  a  triple  salt,  composed  of  the  ar- 
senic acid  combined  with  the  oxides  of  iron  and  cop« 


*  K]iproth*i  OhitntatUwi  §n  Ue  MTmer^li  tfCt^Hw^^  p.  39.  Baglifth 
TrtrtsIaiioiL 

t  P/^U  Tranr.  1801,  p.  f5K>*  t  Jiitm,  di  Omi.  u  19/. 

j   ybtL  Trant*  i80],p.  tl^. 

I  Khprotb's  Okttrvaimn  m  ik  Mwtrdi  of  Q^mwd^^.  29.  Eogliih 
Tftmbtioa. 
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•KES  OP  noir* 

per.  This  oro^erjstallixes  in  a  four-sided  rbooili 
priscOf  baling  two  of  its  edges  vtry  obms^  md 
very  icute.  Tht  prism  is  terminated  by  a  prclty  m 
four-sided  pyramid,  Vtry  often  the  obtuse  edge%iad 
somctimcii  all  the  edges  of  the  prism,  are  tmncaidu 
Colour  bluish  white.  Transparency  ol  the  cryi^aj 
Hardness  !•     Specific  gravity  3*400  *• 

Sp>  7*    Crten*Irott*£arfAf. 

This  rare  auneral  has  been  found  io  veins  at  I 
berg  and  Braunsdorf  io  Germany*      It  is  divided 
two  subspecies. 

SubspicUs  1.  Friaiie.  Colour  siskin  green*  Mi 
mud  disseminated.  In  dull  dusty  particles.  Fractnit 
fine  earthy.  Fragments  indttcrminate.  More  or  las 
cohering.  Soft.  Not  very  brittle.  Feels  fio^Vtf 
meagre.     Frangibility  4.     Moderately  heavy. 

SuiiptcUs  2.  Coh^rem,  Colour  as  the  preccdiii|^ 
only  darker.  Massive  and  corroded.  Internal  luitrc 
0.  Fiacture  fine  earthy  ;  passing  into  even  tinl  ifll& 
spliotcry.  Soft.  Not  particulary  brittle*  IncUfuii| 
to  heavy.  Becomes  redp  and  then  brown,  before  ti^ 
blow-pipe,  but  does  not  melt. 

Sp,  S.     Su/pbfiff, 

This  salt  is  found  sometimes  along  with  iron  pyrtfcT 
Its  properties  have  been  described  in  a  former  part  of 
this  Work. 

The  mineral  usuiUy  called  native  vitriol  ism  mixtatt 
of  the  sulphates  of  iron,  copper^  and  zioc* 


«  8otiriioO|  PiiL  Irsnu  x8oi,  p.  191. 
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^*  Q^   Tungitati* 
10.   Cbramatf* 


Sec  Order  XXI.  Genus  L 
Sec  Order  XVIII.  Genus  IIL 


\    The  following 

Table  exhibits  the  constituents  of  the 

preceding  species,  as  far  as  they  have  been  ascertaiued 

pj  chemical  anal jr sis  : 

\f^  ^ 

3      1 

f  i     Arten'tate 

Blue 

m 

Arscniatc 

^l 

odfoo. 

Iron 

%^% 

of  \to\\. 

^'Sfe 

U  o 

Litth. 

t^c% 

fc,   p   c 
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1 
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W 

•  • 

it 

n 

pftide  of  iron 

srs 

4!"ii 

4^1 
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3* 

48 

4.S*J 

»7J 

Ox.  of  maogaj). 

41 

Dk.  of  cop(>cr 

9 

aii 

Carbouic  acid 
|*lio«phar.;icid 

36 

1915 

l6'9 
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3i 

335 
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III 
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3 
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3* 

10 

11 
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05 
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lk.C 

100 
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iOO 

J  00 

IOO 

100 

t  Order  VIII.  ORES  OF  NICKEL. 
iiTH£RTo  the  ores  of  nickel  hare  been  found  onljr 
I  small  quantity,  and  always  in  veins.  They  oc- 
cur both  in  primitive  and  flottz  mountains,  and  are  usu* 
ittUy  accompanied  by  cobalt.  Hitherto  only  twcr  species 
^nickel  ores  have  been  recognised  by  mineralogists* 

•  Bticholit  GehJeo*t  /ner.  i.  148.         \  Laugier.  Auk.  de  Chim,  L  214. 

I  Gadcc.  Jwr,  d*  Pb^is  Um*  16 J.         {  Kiaproth,  BtitragM^  hr*  tsc. 

II  Vauqueliti*  ^<..  v  CHm,  t\    I4I*      **  VauqucHn. 
4f  Chmcvii,  Fi^  7wm»*.  iSoi,  p.  %%t* 

\  CbcDCf  is,  Ibid.  p.  %W* 


«iiM>r  xxaH»» 


GSKUS  I.     AlLOt*. 

m 

Tmt^  which  it  the  moil  comaioa  ore  of  nidciela  •& 
con  either  metsiTe  or  diiieniinatedy  but  never  crjilil. 
]ized# 

Cohmr  eopper  red »  lolerod  lustie  2  to  3»  meuHk. 
yreetore  imperfcct  conchoicbl  ^  tometiaies  pasting  ioto 
cowse  and  smtU  gnioed  uneven.  Fxagfoenlt  indetoaii 
Bitej  iherp-cdgcd.  Hardness  8.  Brittle.  Fmjfailitjii 
iSpeciie  gravity  6*6080  to  0*048Xf  •  Before  the  Uif. 
|i}pe  exhales  an  arseDical  smoke,  and  melts  into  a  bnli 
•whieb  darkens  by  exposure  to  the  air.  TUi  mt^ 
iil^n  pnre,  is  afterely  an  alloj  of  nidkel  and  anaie} 
but  it  frequently  contabs  eobalt  and  tron^  and  dnqs 
a  pordon  of  pyrites. 

Genus  IL    Oxinxa.       p 

Sp.l.     Nickel  Ocbret* 

This  mineral  occurs  almost  always  as  a  thin  eostiog. 
Seldom  massive. 

Cokmr  apple  green.  Cofnposed  of  dnil  dnsljr  p«- 
licles,  which  scarcely  soil.  Loose.  Feek  fnei^gte.  Spe* 
cific  gravity  incoosiderable.  Stains.  S}owly  dissolfa 
in  acids :  solntioa  green .  Belbire  tbe  Mow^pe  decs  vA 


ii.  448. 

f  Bf iiM».  I  KirwiP,  u.  aS4.-.Uo(fvi^  ii.  4ii«-IN> 

*in»  516.— Jameioo,  ii  4JI . 


Order  IX.    ORES  OF  TIN- 

TiK  ores  are  by  no  means  numerous  j  but  where  ihey 
occur  they  are  usually  abundant.  In  Europe  only 
three  tin  districts  are  known  :  the  first  is  in  Germaoy^ 
between  Saxony  and  Bohemia  ;  the  second  in  Spain,  in 
that  part  of  Gallicia  which  borders  on  Portugal ;  and  the 
third  in  Cornwal.  In  Asia,  it  abounds  in  Siam  and  the 
island  of  Barka :  it  ts  said  likewise  to  hare  been  dis- 
covered in  Chili.  The  ores  are  confined  to  the  primitive 
mountains,  or  they  occur  in  alluvial  land,  and  have  ob- 
viously been  washed  from  primitive  mountains.  Few 
metals  exhibit  a  smaller  variety  of  states  ;  since  it  has 
hitherto  been  found  only  in  three,  as  may  be  seeii 
from  the  following  Table  : 

L    SOLPHCR£TS 

1.  Sulphuret  of  lin-and-copper 

IL   OXIBES 

!•  Tin- stone 

2.  Wood -tin 


•  Hmditidt  p.  497. 


MS  danorfaa 

Hitherto  this  oreliM  anlj  been  fmiiid  in  Caamk 
There  it  e  vein  of  k  ia^bet  oonntrf »  'ia  the  pniih  rf 
St  Agnes,  nine  fieet  wide  juA  twmityfjmtiM 
ihe  surface  f. 

Cokrar  between  steel  grej  and  bme  ydlow. 
live  and  disseminated.    Internal  lustre  2,  S^  4^ 
lie*    Fracture  usnallj  nneren ;  aonsetinia 
sad  imperfiect  fbliated.'-Bragoieals  hlwat^Jadged,  Fnii 
gtbilitj4.    Hardness  5  to  6.     Brittle.      Specifie  ga. 
^itj4*SSt*  Before  the  bIow»pipe  it  meltaeasilf,  ail 
a  solphmieoas  smell,  into  a  black  beady.and  depeolBia 
Vuirfi  oaide  on  the  charcoaL    The  compodticB  dtm 
ore,  as  Klaproth  infonns  ns,  wn  first  disMvawdbylii 
Raspe.    According  to  Klaproth's  aoaljus,  hiscai* 

posed  of ..••••..34  tin 

86  copper  ) 

25  sulphur 
3  iron 
2  earth 

100  j 

Gends  IL    Ozibes. 
This  ore,  which  may  be  considered  as  almost  the  os- 


e  Kirwan,  ii.  aoa— Brochant,  ii.  ajs^^Hanj,  ir.  ^41— Jmens,!. 

381 — Anm,  dt  Chim,  liii.  l66. 
f  KUprorh*t  armwal,  p.  ai.  t  KUpnOu  { I Ul  fi, 

e  Kirwan,  u.  f97/^]lrocluuit«  il  354— Hnqr,  if;  M^y^nmrn^i 

3«4. 


ore  of  tin,  occurs  in  masses,  in  rounded  pieces,  smd 
crystallised.  These  crystals  arc  very  irregular.  Hauy 
mpposes  that  there  primitive  form  is  a  cube  • ;  but 
Rome  de  Ltsle,  with  more  probability,  makes  it  an  oe-> 
tabedron  f  *  and  in  this  opinion  Mr  Day  agrees  with 
limt-  The  octahedron  is  composed  of  two  four*iided 
>yramids  applied  base  to  base.  The  sidei  of  the  py- 
rtmids  arc  isosceles  triangles ;  the  angle  at  the  vertex 
i>f  which  is  TO**,  and  each  of  the  other  angles  SS**.  The 
sides  of  the  two  pyramids  are  inclined  to  each  other  at 
an  angle  of  90*  }.  This  primitive  form,  however,  nc- 
rer  occurs ;  but  crystals  of  tin-stone  arc  somettmei 
ifbund,  in  which  the  two  pyramids  arc  separated  by  a 
prtsm.  For  a  complete  de^criptian  of  the  varieties  of 
the  crystals  of  tin*stonc,  the  reader  may  consult  Rom^ 
dc  Lisle,  and  Mr  Day  \\, 

Colour  blackish  brown;  sometimes  passing  into  veU 
iret  black  and  reddish  brown,  yellowish  grey^  gTcen^ 
yellowish  and  greenish  white.  Streak  greyish  white* 
Iniernal  lustre  3,  2,  between  resinous  and  adamantine* 
Fracture  uneven  inclining  to  imperfect  conchoidal« 
Very  seldom  foliated.  Fragments  blunt-edged;  oftea 
in  granular  distinct  concretions.  Transparency  from  3 
Co  0.  Hardness  10.  Frangibility  4.  Brittle,  Speci- 
fic gravity  6' 9  to  6*97.  Before  the  blow- pipe  it  dccrc- 
pi rates,  and  on  charcoal  is  partly  reduced.  Tinges  bo- 
rax white* 

^his  mineral  has  hitherto  been  found  only  in  Com- 


Otld<;». 


•  j0ur,  df  Mlm.  xjUtiL  57$.  \  Cry*ta/I^.  m.  4! J, . 

t  ^AU,  AUg,  tv.  tjfl.  $  Rom^  dc  Lisle,  Ibid.  |  ftkl. 

%  Ktfwtn»  iu  I  ft, — 0rodum«  It.  340.— 'Hauft  !t.  147.— JunenOi 
iLjS^w 
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ORIS  OF  Tnr. 


Book  in. 
Chap.  11. 


wal,  and  in  Mexico.  It  occurs  alwsyt  ia  fragmca^ 
which  are  generally  rounded.  Colour  hair  brovB} 
passing  into  wood  brown,  yellowish  grey,  reddii 
brown.  Streak  yellowish  brown.  Internal  lustre  a^ 
2,  resinous.  Opaque.  Fracture  fibrous.  Fragmeiti 
wedge-shaped  and  splintery.  In  granular  distinct  ooit 
ccetions.  Specific  gravity  6*450  *  to  <l*738  f  •  Hard. 
ness  9.  Before  the  blow-pipe  becooiea  brownish  zed; 
decrepitates  when  voi  hot,  but  is  not  reduced. 

The  following  Table  exhibits  the  constituents  of  the 
preceding  species,  according  to  the  result  of  the  nmt 
accurate  analyses  hitherto  made : 


Conktl- 
tuentf. 


Tin-Stone. 

Wood. 

t 

t 

$  1  II 

If 

Oxide  of  tin 
Oxide  of  iron 

Silica 

99 
0-25 
0-75 

99-5 
C-5 

84      95 
9         5 

7 

91 
9 

100 

100 

100     100 

100 

Order  X-     ORES  OF  LEAD. 

Ores  of  lead  occur  in  great  abundance  in'almott 
every  part  of  the  world.     They  are  generallj  in  veins, 


•  Kkproth.  f  HnmboKdc 

I  RUvroch,  "eitta£t,  ii.  156.  {  Lamptdiuf.  Hamdhd,  p.  l8l^ 

[}  Collet,  DcKOtih,  Anm,  Je  Cbim,  liil  s6S« 

^  Vauquelio,  Ochlcn*!  /mt.  ▼.  s^i* 


I,  SOLPHURETS 

Vo*  4«  Galena 

d.  Blue  lead  ore 

S.  Antimanialsulphuret 

II*  OXJ0£S 

1,  Earthy  ore  of  lead 
^2.  Native  miniuai 
lU.  Salts 

1,  Carbonate 


2*  Black  lead  ore 
3.  Muriocarbonate 
4*  Pbosphate 
5*  Ghromate 

6.  Sulphate 

7.  Moljbdate 
8*  Arseniate 

d«  Arseniophosphate 


Table  of 


.  '  Of  these  the  first  species  is  by  far  the  most  common. 
From  it  indeed  almost  the  whole  of  the  lead  of  com* 
merce  is  extracted. 

Genus  L     S^lfhurets. 

Sf>.  1,     Galena^. 

This  ore  is  divided  into  two  subspecies* 

Suhspccief  !•     Common  Galena,     This  ore,  which  i$ 

'^ery  common,  is  found  both  in  masses  and  crystallized. 

The  primitive  form  of  its  crystals  is  a  cube.     The  most 

common   varieties   are  the  cube,  sometimes  with  its 

^angles  wanting,  and  the  octahedron,  composed  of  two 


9  Kifwao,  ii.  at6«— firoduuae,  tl  s^^^^iittj,  iu.  4j6.*Jiaeigii; 
Foi.  IF.  G  g 
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iMT^tided  fffnimids  applied  base  to  base  I  iie 
mils  of  theie  pyrtmid!»»  ure  fometimei  cctiieifartB|  mi 
smnetime?!  their  sohdangtet  are  winting^^  Itocsesit 
iiltKi  in  four  ind  six-tided  prifnif  ccrtntn^ted  by  iom- 
sided  pyramids,  and  in  three-sided  uble%« 

Coldtir  kad  gr^y.  Siuak  simUarp  bot  fatifber. 
Extemil  lustre  4t^  I ;  tnterntl  4  to  2,  metvllk.  Fne. 
turc  foliated ;  cleavage  threefold  and  rectmngtilftr*  Fru. 
meiits  cubic.  The  m^ssJTe  Tancttes  ikre  in  grfnolir 
distinct  cofi€r«ti<itii.  Soft*  Sectile.  FrangibiStj  4. 
Specific  gravity  T21  to  Tli^i*  Bfforc  rht  Uoii. 
pipe  dccrep*rare«t  and  melts  wttit  m  tal| 
pari  tinki  into  the  charcoal.  It  generally 
silver, 

Suhspedes  2.  Compact  Gaiina^  Found 
some! itoea  m  sp^^ulw  plaiet.  GdMir  Iraid  gMj* 
temat  It^tre  l»  itiet«yiie.  Fraciuro  eirro.  Nercr  h 
distinct  concretions.  Softer  than  comthongftteits.  Strcdc 
brighter.  Fragments  indeiernafnaic.  In  other  reipnSi 
agrees  with  the  preceding* 


Sp. 


Bhi  Liad  Ore  J. 


This  ore  ha*  hitherto  been  observed  onljr  ai 
pao  in  Saxoyij,  Occurs  msastve,  tnit,  crjpslaUiMi  1 
goMktt  feiX^iidod  prisms*  Colour  between  iodigol 
mnd  lead  gr^jr.  Internal  lustre  i»  metallic.  Stiq 
brighter*  Fracture  even*  Fragm^nn  iodneraia 
Soft.  Scctile.  Fiangibility  4.  Specific  gravitj  5* 44Hf 
Before  th«  blow- pipe  melts  with  a  low  blue  flame  ied 


•  Rom?  dc  L  »ff,  ()i  3/4.— Hauy,  ill,  45I. 
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ulphareons  smelly  and  is  easily  rcdaced.     It  his  not   SwlpHom*. 
analjiedfc     Its  crystals  resemble  those  of  phos- 
phate of  lead  ;  but  its  component  pzti%  seem  to  be  the 
same  as  those  of  galena* 

Sj>^  3.     Afitimemal  Sitipburei  ^-^Boumonitti 

\Thi%  rare  ote  Was  first  obtained  from  Cornwall  and 
IS  neglected  by  mttieralogiits^  till  accurately  dcicribed 
and  analysed  by  Bowrnon  and  Hatchett.  in  1804.     Va* 
fious  specimtns  have  been  since  analysed  by  KUproth, 
Colour  dark  lead  grey,  indining  to  black.    MatiStve, 
and  erystaUjE^ed   in  four-sided  rectangular  prisms^  va- 
riously iruKcated.     AU  the  varieties  have  been  descri- 
bed and  figured  by  Bout*non  with  hil  uiual  precision. 
Crystals  Urge  ;   surface  spleuden'r.     Internal  lustre  2, 
resinous.     Fracture  coarse  graintd  uneven.     Scratches 
calcareous  spar»  but  notHuor  spar*     Sectile.    Frangibt- 
lity  4.     Leaves  a  black  trace  apon  paper,  but  not  so 
readily  as  lead  or  sulphurct  of  antimony*     Specific  gra- 
vity 5*165;     When  thrown   in  powder  on  a  hot  iron^ 
emits  a  phosphoreseent  light  of  a  bluish  white  colour, 
but  without  inj  smell*     When  suddenly  heated  by  the  j  - 
bloW'pipe,  it  crackles  and  Splits  \  but  when  gradually 
heated  it  melts^  and  on  cooling  assumea  a  metallic  grey 
colour* 

The  following  Tabte  exhibits  a  view  bf  the  consii* 
hitnts  of  the  preceding  ^peciei)  according  to  tht  teost 
recent  analyses ; 


^  Booraon  md  Hatchett,  BtiL  Tram,  tSc4*— KJaprotli,  Ochici/^ 
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*  Vanqvdin,  /Mrr.  it  Min,  No.  ii.  p.  69. 
t  Westrumb,  JametoD*!  Jlfln.  ii.  35. 

t  Bx  my  aoalyniL     -  )  Hatchett,  PML  TWmi.  lift 

I  Klaproch,  Gehkii*! /(wr.  ▼.  34*   The  ipeciiiim  frooi  Altai  8qa 
ChoithaL  ^ 

5  From  Se  Andraaaberg,  Khproth,  "Bnirap^  it.  8^ 
4^«  From  NiDilo  an  Coniwil,  Ibid.  p.  %^*\ 


GiuKus  II,     Oxides 


It  is  doubtful  how  far  any  of  the  known  ores  of 
cad  can  be  referred  to  this  genus.  Earthy  had  ore, 
however,  seems,  sometimes  at  least,  to  be  a  mUture  of 
the  oxide  of  lead  with  earthy  matter. 

Sfi.  1 .     Earthy  Ltael  Ore  ♦. 

Of  this  ore  there  are  two  subspecies,  the  cohinni  and 
Iriabie. 

Suhspectes  I,  Coherent*  Most  frequent  colour  jeU 
iwish  grey ;  passes  into  straw  yellow,  greenish  grey, 
&kea  and  apple  green^  aud  into  yellowish  browa. 
ifassiire.     IciternaJ  lustre  l,  2|  resinous.    Fracture  fioe- 

atned  uneven  j  passing  iato  splintery  and  earthj, 
opaque.  Streak  browo.  Soft*  Inclining  to  sectile* 
ranglbility  4*     H.atry. 

Subspecies  2.  FriaMe.  Colour  yellowish  grey  and 
Iraw  yeilow.     Friable  ;  sometimes  mnssive,  acid  as  % 

aling.  Composed  of  dull  dusty  particles.  Meagre 
Knd  rough.     Heavy. 


Sf>. 


Native  Minittmf, 


This  ore  has  been  lately  dr*(COvered  by  Mr  Smithson 
Germany,  disseminated  in  small  quantity  in  a  com^ 
act  carbonate  of  ztnc.  In  general  it  was  in  a  pulyeru- 
ent  state,  but  in  places  showed  to' a  lens  a  flaky  fmd 
rystallinc  texture.  Its  colour  is  the  same  as  that  o£ 
actitious  minium,  a  vivid  red  mixed  with  yellow.     It 


410  OJIL&S  qw  1.14m. 

Bopk  III.     possesses  the  chemical  characters  of  red  ox«dc  of  lead, 
Chap.  II.  _ 

\jmnmu  '  '  f   and  must  of  course  be  considered  as  the  same  substance 

According  to  Mr  Smithsfon^  it  is  ^qd^ctd  Vyt^ele. 

cay  of  ^  galena,  which  he  suspects  to  be  Itself  ?.  ^ooih 

(^ary  production,  from  the  metallization  of  white  ^nfyi^ 

nate  of  lead  by  sulphureted  hydrogen  gas* 

Qkhus  m.    S^Lxa. 
Sp.  I .     Carbanatt  of  Lead^—  WUie  Lt€Ut  On. 

This  is  the  most  genei:ii]ly  diffused  lead  ore  after  gt* 
lena,  though  it  seldoqfi  occurs  in  aiiy  considerable  mniii 
t'lty  together.     Colour  snow^  greyish^   and  yellowisl^ 
ivhite  i  yelloivish  grey  ;  cream  yellow  ;   clpve  brown* 
Massive  and  disseminated,  but  inost  commoDlj  cc][S" 
tallized.     Primitive  form  the  rectangular  octakcdnm : 
But  it  occurs  most  frequently  crystallized  iq  siz-sidc^ 
prisms,  terminated  by  six  or  four-sided  s^mD^it|;in 
four-sided  prisms  ;  and  four  and  six-sided  tables,  often 
variously  bevelled.     Crystals  usually   small.     Exter- 
nal lustre  4  to  2  ;   internal  from  4  to  2,  adamantiiK. 
Fracture  commonly  small  conchoidal ;  sometimes  passes 
into  fine  grained  uneven.     Fragments  indeterminate. 
Transparency  2  to  4.     Refracts  do^blJ  very   sUoog- 
ly.     Soft.     Biittle.     FrangibiHty  4.      Specific  gravitj 
7-2357  +.    Before  the  blow-pij>e  decrepitates ;  becoBMS 
red,  then  yellow,  and  at  last  is  reduced  to  4  globule  o( 
lead. 


•  Kinvan,  il.  ao.v— Kiaproth,  Hi.   167.— Httiy,  iii.  475.— Brocharr, 
•  3C9. — Jameson,  ii.  361. 
*.  Bournon,  Nicholson*!  Tour.  ir.  izo. 


:ACK  lead  ore — ^MUaiO-CARAORATE  OF  LEAD^  &C. 


♦Til 


Sp.  2.     Black  Lead  On  •, 

Til  if  ore  often  ttccampaniei  white  lead  ore  siad  ga» 
U&a.  Colour  greji^h  bl^ick.  Mas^ivtr,  and  pry&ia|«. 
lized  in  six-sided  prisms.  External  lustre  4|  3  »  iM** 
ttxml  3,  2|  adacnantiae.  Fracture  nuiM  gmned  un- 
even* Transparency  l.  Streak  greyUh  white.  Ri- 
tbex  brittle.     Frangibilit/  4.     Hejivy. 

Sp,  3.     Murio^Carhonati  of  Lead* 

For  the  first  description  of  ihU  ore  iiyluch  has  hiUier- 
tp  been  observed  in  Derbyshire  ouly^  we  jire  indebted 
tg  the  Count  dc  Bournon.  The  primitive  form  of  hv 
c/yslaU  h  the  cube»  often  lengthened,  and  the  edges  or 
Lbc  angles  not  unfrir^aently  truncated^  and  replaced  b/ 
small  planes.  Colour  u^uaUy  a  ligkt  $lraw  yeUow  ^ 
sometimes  a  dear  transpareta  whit«^  with  a  Insirc  fax 
su^pas^ing  common  carbonate  of  l&ad*  Internal  lustre 
4^  adamantine.  Princip^  fracture  glassy,  ft^^tql^i 
cross  fractuie  concfioidal.  Transparency  3^*  Streak 
snow  white  and  dull.  Scctilr.  Scratchcid  by  carb^'- 
nate  of  les^d.     Specific  gravity  6'Od^l  f* 

S)&.  4«     Pbospbau  of  Lead  X^ 

Werner  makes  two  species  of  this  ore,  distinguished 
chiefly  by  their  colour  j  namely »  the  brovm  and  grrfft 
lead  ore*  We  may  consider  them  as  subspecies,  Thp 
primitive  form  of  its  crystals  is  a  dodccahedroni  eotu 


f  Bouroofl,  Nicholson*!  y««r,  iv.  2tQ, 


Wi. 


4lf 

.  lUiok  UL 


OftXf  Of  t£AB. 

sisting  of  two  six-sided  pyramids,  the  sides  of  wiuth 
Arc  isosceles  triangles*.  The  crystals  are  usuaUj  uu 
sided  prisTDS,  sometimes  tennin sited  bj  six-sided  nmw 
^its*  The  summits  are  sometimes  truncatcdf  as  ne 
also  the  edges  of  the  prism. 

SuBiferifj  1.     Brawn  Photphate-'^Brtmm  Lt&d  On. 
Colour  hair  brown  of  diflTercnt  degrees   of  in 
Massive^  and  crystallized  in  six-sided    prisms 
nal  lustre  2,  resinous.     Fracture  small  and  fine 
uneven.     Fragments    indeterminate,      Cryslallited  vs. 
rieties  show  a  tendency  to  thio  coltimnar  disltnctconcft- 
tions.    Transparency  2.    Soft.    Not  particularly  tiiii 
Frangibility  4.  Specific  gravity  from  6*600  lo  6*009 

Suhfiecuj  2.  Grifn  Phosphate^Gretm  hfoi  Or. 
Colour  grass  green,  which  passes  to  sulphur  ytSvir 
and  to  greenish  white.  Seldom  massive  ;  usually  ct|v 
tallized  in  six-sided  prisms,  often  variously  truncatd. 
Crystals  small.  Externally  smooth  aari  sbtniiig,  Jo* 
temal  lustre  2,  re:?inous.  In  other  rcspecu  it  ^pces 
with  the  preceding. 

Before  the  blow -pipe  this  ore  melts  with  out  being 
ductd,  and  on  cooling  assumes  a  polygonal  fons 
yellow  varieties  become  green  when  heated. 

j(^,  5.  CbrnfftQte  of  Ltadt^^Rf^  Ltad  Or€  of  Siima. 

Tills  mineral^  which  has  now  become  scarce,  is  foao^H 
io  the  gold  mines  of  Beresof  near  Ekalerioboorg  i^fl 


md  On. 
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•  Rome  dc  Litlc,  iii.  39 1 — See  aAm  Haoy^  rmiarksoii  iht  1 
}ecc,  in  Jfiur.  Jt  Min,  No.  ixi|,  506*  «u4  Min*  ui.  491. 

t  KUproth  aiid  H^uy. 
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ia»  crjitallized  in   four-sided  prisms,  sometimes 
jnated  by  four- sided  pyramids,  sometimes  not.     It 
betn  observed  also  at  Annaberg  in  Austria,  and  at 
npettes  in  Savoy, 

Colour  hyacinth  red.  Strenlc  and  powder  lemon 
ellow.  Lustre  4,  between  adamantiue  and  resinous* 
Vacture  foliated.  Fragments  indeterminate,  blunt* 
gcd.  Transparency  2  to  4-  Hardness  5  to  4.  Spe- 
ific  gravity  ti*0269  •  to  5*15  t«  Does  not  effervesce 
ith  acids.  Before  the  blow- pipe  decrepitates  \  some 
i\  reduced,  and  the  mineral  is  converted  to  a  black 
l«g,  which  tinges  borax  green. 

A  brown  ore  of  lead  from  Zimapan  in  Mexico^ 
brought  to  Europe  by  Humboldt,  was  found  by  Des* 
K>tils  to  be  a  compound  of  chromic  acid  and  oxide  [of 
ad ;  but  the  proportion  of  acid  was  considerably 
ianaller  than  in  the  red  lead  ore.  This  ore  seems  to 
Constitute  a  species  apart,  but  tio  description  of  ii  fan 
>een  published  {• 

Sp.  6.     Su!pbate  of  Lead  \, 

This  ore,  which  is  found  in  Anglesey,  in  the  Lead* 
ills  in  Scotland,  and  in  Andalusia,  is  generally  crys* 
aSized.  The  primitive  form  of  its  crystals  is  a  rect* 
ngular  octahedron,  with  obtuse  pyramids.    The  py ra* 

ids  arc  often  variously  truncated.  Colour  yellowish 
;r^   and  yellowish    white  j    sometimes    passes  into 


.^iltik 


i  Amm.  4f  CBrm,  Will  %(t%, 

{  KirwiD,  Mm.  ii.  %t  t.— Kliprothj  til  i6l<— H^uy,  iii.  $  tJ*—  Bro* 


^ 


gjfc^    anblM  h4  tdi  grey.    External  luMt  9  i  iftftomtk 
''^    '  •duitiiiaM.  Fracture  compel.  Ttea8r*v«9iey3«  Bi4 

Mia  0.    Brittk.    Specific,  gravilj  0*3*     IMw4|^r 

reduced  before  the  blow-ptpe. 

5p.  7.     MoljhdaU  of  Le^d  ^. 

This  ore,  which  is  found  in  Cnrintbin^  WM  finlMit 
tiencd  in  I7ti  by  Mr  Jacquio  f.  It  oc|Oiiffa  anmrti— 
saative,  but  uaually  crystiiUized  in  jMlm*  m  rbaaM 
dal»  or  octahedral  platet.  The  prMMOve  fiannef  i| 
^lystaU  is  an  octahedrom  wkh  iaotoeka  omwi^r  fc» 
«ea  \  the  incidence  of  a  face  of  OM  pf  riMaid  m  tkfllf 
fnolher  70^  40<t. 

Il«  coloor  is  wax  yellow.  Extevoftl  luatie  J;  ifr 
Imial  a,  reainoui.  Fractnie  aaauU-gr^iaed  waraat 
ftaiea  into  imperfect  small  oo«ch«i4al«  Fcip^eati 
eharp-edged.  Transparaocy  2«  Between  brittk  «ai 
aectiie.  Frangibilitj  4*  Hardnese  5  to  0.  Spdfi 
gravity  5*486  f  ;  when  purified  from  its  gungue  bjiiv 
trie  acid,  5*700  ||.  Soluble  in  fixed  alkalies  and  in  nU 
trie  acid.  Communicates  a  blue  colour  to  ^ot  solpho- 
ric  acid.  Soluble  in  muriatic  acid,  and  decomposed 
by  it.  Before  the  blow*pipe  decrepitates^  melts  iau)  i 
yellowish  grey  mass^  and  globule^  of  }ea4  are  te- 
dnced  ^. 

Sp.  8.     Arsemate  of  Lead*^. 
This  ore,  which  has  been  hitherto  found  only  at  Ja- 

^  Blirwan  ii.  »ii.— Klaproth»  Amu,  ir  C^«r.  ^riii.  S05.— Haubeit, 
Pkil.  TfMs.  i796»p*  «85 — Hauy,  iii.  49S.— Brochaot,  iL  1 
•00,  ii.  37y 

f  In  hi*  Mtctlhmem  AuttrtMo,  toI.  Si.p^  13^ 

IHauy.  }M«cquart.  1  HUptaMlk  f] 

*«  Ktrst^,  Gchien*!  /mt.  iii.  60. 


ARSSKIATE  OF  LXAB. 


i1» 


«nn*GeorgensUdtf  was  at  first  confounded  with  the 
preceding,  liU  the  ^oaljsis  of  Rose  showed  that  it  con. 
tatned  no  mplybdit  acid*  Colour  wax  jcllow*  passing 
into  aspara|^us  g<^e#ii.  Crystallized  in  double  six- 
tided  pyramids.  External  lustre  4,  3,  adamantine  i 
internal  3>  resinous.  Fracture  splimcrjr^  Transparent 
cy  2*     Soft,     Sectile,     Specific  granty  7'2612. 

Karsten  in  his  catalogue,  published  in  1790,  de. 
!^ribes  an  ore  from  Siberia,  which  likewise  contains 
arsenic  acid  and  lead ;  but  iron  is  also  present  in  it  in 
considerable  quantity.  We  arc  not  yet  in  possession 
cf  a  good  description  of  the  arseniate  of  lead  found  by 
Proust  in  Spai^. 

The  following  Tables  exhibit  a  view  of  the  constt* 
tuents  of  the  preceding  species^  aQCor{|iog  to  the  most 
exact  analyses  hitherto  made* 
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Order  XI.     ORES  OF  ZINC. 


TwotTGh  the  ores  of  tine  are  Very  few  in  number, 
hhej  arc  by  no  means  scarce.  Blende,  tlie  most  abun- 
idant  of  them,  occurs  most  frequently  in  transitioa 
Btieksy  though  sometimes  also  it  h  found  in  primitive 
iiid  floetz.  rocks,  and  is  almost  always  accompanied  by 
ICalena,     Calamine,  the  only  other  ore  of  Line,  seems 


+  TheiiArd. 


•  VatiqueUn,  Jcur.  it  Mia,  No.  34^  p.  760. 
$  Collet,  Deicotcl*,  Ann,  4i  Chim.  liij.  %'Jl. 
I  Klaproth,  Beitrag?,  tiL  t63.  ||  Id.  Ibid.  iL  %^S* 

\  HatchcL  PhiL  Traau  llXEvL  J»v 

*^  Rose,  Gehlen'*  J»ur,     Second  Serie»,  i.  %t%,     Roic  publiihed  an 

jbU  oC  this  ore,  and  foufid  it  atieniate  af  lead.  Laugicr  repeated  the 

imencf,  and  found  phosphoric  acid,  and  only  tnnef  of  anenic  atid* 

Pi^Anit,  dt  Muifum  li'Hitt.  N*turtttt^  vi.  it^)      The  analytti  in  the  taVIe 
^^%  made  by  Roic,  in  eoosc^ucDee  of  the  publication  of  Lau^er'i  pap^r, 
tppeartniuch  xDor^  accurate  ihajiyiny  of  th«  preceding. 


fife  Aftiufttaurt. 

BMfcin.    tobd  aearly  Mofined  to  floett  rodcs;  ind  it  tiSS^ 
^*f;i^    mart  fircqiwodjia  beds  in  ipiihwularlidw>«loiie*. 
Tie  Wfewing  Table  ekhibttsthe  difibiciitaMnh 
irtndi  ttoM  vnttMM  bss  hiAtelo  oontcvM  • 

I«  Stanviitf  IIL  iUzt^ 

le  Blende  1 

.     Ik.  OXIBM 

1*  SUicHUoziile 


S^So^lilt 


TfliB  ore  i» common*    li' dccori  Iki^  lo 
iMu^s  tod  cvjstalliBedji    .Thi  p^jipitlri^  .^  rf  b 
o^ttali  is  the  rfimboid^l  dodectbcdcoa*  .  T^  fppi 
of  its  integrant  ptrticlts  is  the  tetrahedron  !^ 

The  principal  rarieties  of  iu  crystals  are  the  tetnki 
dron »  the  octahedron ;  the  octahedron  with  iti  tifp 
wanting ;  a  24-tided  crystal,  18  of  whose  fiscessctln- 
pezoidsi  and  12  elongated  triangles  ;  and,  lastly^  s2t* 
sided  figure*  which  is  the  lut  ▼arxetj^  augmented  bj 
four  equilateral  triangles  $*  It  is  divided  into  time 
subspecies,  which  characterize  differeot  fomatioBii 


»  Jainem»B,4k4. 

I  Htv7,7t^.*Jtf»i.No.]abriiLS6^ 
f  $ee  Haitr,  Ibid  sad  Rome  4e  LMe^ffi.  6f. 


ydlow  is  ttie  oldest,  the   black  newest,  and  the    ^uliilnRttL 
brown  in  termed  lute.  ' 

BuhspeeiffX*  Teiiow  Blende »  Colour  dftrk> waxy eU 
low  and  sulphur  yellow,  passing  into  asparagus  and 
mUyt  grttti^  and  into  Ii jacinth,  aurora,  and  brownisb 
rat  All  the  oolours  incline  &omevvhac  to  greea.  Mas- 
rftve,  and  crystallixed  in  fotir-sided  prisms,  havings 
iheir  edgen  truncated,  and  tenninated  by  four-sided  py* 
lannids.  Surface  smooth.  Lustre  3,  4,  adamantine* 
Ffteture  straight  foliated,  cleavage  sixfold  i  cross  frac* 
tQfe  conchoidal.  Fragments  dodecahedral ;  but  seldom 
{perfect.  In  granular  distinct  concretions*  Tratispa- 
rfe»cj  2,  sometimes  %,  Refraction  single.  Streak  yeU 
lowish  grey,  Strmihard.  Brittle.  Fran^ibtlity  4* 
^jltetlic  gravity  4*044  to  4"067^  Often  phosphoresces 
u*hen  scraped  or  rubbe^  *• 

SuispeciiJ  2*  Mr&wn  Slendi,  Of  this  there  are  two 
vHrieties  ;  xhtfolidtcd  and  thc^^ro©/, 

Foiiaiedn  Colour  reddish  and  yellowish  brown ; 
Jesses  into  hyacinth  red,  and  info  blackish  biown. 
Massive  \  and  crystallized  in  tetrahedrons,  octahedrons, 
rhoftiboidal  dodecahedrons,  atid  octahedrons  with  an 
intermediate  four-s^ided  prism.  External  lustre  3 ; 
internal  from  4  to  l,  between  resinous  and  adamantine. 
IF^aeture  foliated  i  cleavage  six-fold.  In  granular  dis- 
ijdct  coftCTcttons.  Transparency  1,  2,  0.  Streak  ycU 
lotvish  grey  and  yellowish  brown.  Semihard.  Brittle* 
Franjribility  4.     Specific  gravity  from  3*77  to  4*04$* 

Fibrous.  Hitherto  found  only  at  Geroldseck  in  the 
B^eisgau^     Golou^  i¥ddtsh  brown.     Massive  and  refii* 


yy."k\ 


*  llrrginafi. 
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ORES  OF  Zinc. 


Boaknr. 


form.  Lustre  2,  1.  Fracture  fibrous.  In  granoSi 
distinct  concretions,  intersected  bj  carved  lamellar  di( 
tiQCt  concretions.  Opaqae.  In  other  respects  agmi 
with  the  preceding. 
.  Subspecies  3.  Black  Blende.  Colour  bet weeo  grej. 
ish  and  velvet  black,  sometimes  brownish  black;  wkn 
held  between  the  eye  and  the  lights  appears  blood  lei 
if  transparent.  Massive  and  crystallized.  Intend 
Itutre  3,  4r  metallic.  Fracture  foliated  ;  cleavage  flz> 
fold,  but  verj  indistinct*  Fragments  indetermiiiate^ 
prettj  sharp-edged.  In  granular  distinct  coocretiom. 
Mostly  opaque.  Streak  between  jreUowish  greyaaj 
light  yellowish  brown.  Semihard.  Brittle.  Fraagi* 
bility  4.     Specific  .gravity  3*967  to  4*1G6» 

'  The  following  Table  exhibits  the  constituents  of  tfait 
species,  according  to  the  analyses  hitherto  made. 


H 

Brawfi  Bliside. 

Bla^  Bl^ik;      1 
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64 

44 

58-8 
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52 

Sulphur 
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J  7 

23-5 

2U 

26 
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Iron 

5 

3 

1       8-4 

9 

6 

12 

Lead 

6 

Arsenic 

I 

5 

Copper 

4 

Silica 

] 

24 

7-0 

4 

a 

Alumina 

5 

Fluoric  acid 

4  : 

Water 

t> 

5 

B 

4 

4 

Loss 

2*3 

lOQ    llOO 

100 

lOQ 

100 

100 

*  Bergman,  0/>utc.  ii.  3»9. 
I  Lampadiusy  HamlUclf,  p.  484. 


I  By  my  amlyut^ 


Genus  IL    Oxides. 


Calamm, 


'  The  term  calamine  has  been  given  to  all  the  ores 
c»f  zinc  of  a  whillsh  colour,  and  which  are  usu-^Uy  em- 
plojed  for  making  brass.  Mineralogists  had  long  sus- 
pected that  diflerent  kinds  of  minerals  were  confound* 
ed  together  under  this  name,  and  Mr  Smithson  has  late- 
ly ascertained  that  it  contains  at  least  three  distinct  spe- 
cies. The  first  ts  a  compound  of  the  oxide  of  zinc  and 
silica,  and  is  distinguished  by  the  property  of  becoming 
electric  bj  hear,  like  the  tourmaline.  The  primitive 
form  of  its  crystals  appears,  from  the  mechanical  divi- 
sion of  one  of  them  bj  Mr  Hauy,  to  be  an  octahedron 
composed  of  two  four-sided  pyramids,  whose  sides  are 
equilateral  triangles  •*  But  the  crystals  arc  minute,  and 
their  figure  not  very  distinct.  They  are  either  four  gr. 
six  sided  tables  with  bevelled  edges,  six<sided  prisms^ 
or  three-sided  pyramids.  Colour  usually  greyish  white. 
Fracture  rudiated  or  toliated.  Lustre  vitreous.  Spe« 
cific  gravity  3*434*  Before  the  blow*ptpe  decrepitates 
and  shines  with  a  green  light.  Gelatinizes  io  acids* 
A  specimen  of  this  mineral^  (rom  Regbauia  m  Hungary, 
yielded  Mr  Smithson  66' 3  oxide  of  zinc 
2y0  silica 
4-4  water 


9T1 


Aootlier  specimen^  analysed  by  Klaprotb|  contained 


fw.  ir. 


•  Imr*4tM»>*'  Ko.  trail.  596. 


Hh 


482  QUB  OF  ZIXC* 

Book  jn.  G6  oxide  of  xinc 

Chap.U. 

T  33  Silica 

99 

The  diflferent  analyses  of  Bergman  and  Pelletier  Uiov, 
ihat  the  proportion  of  the  constituents  of  this  ore  vaxr 
considerably.  The  silica  sometimes  amounts  to  52fo' 
rent.  ;  sometimes  only  to  12.  This  would  lead  oocto 
suspect  that  it  is  not  combined  with  the  zinc,  but  nuber 
mechanically  mixed  with  it. 

Genus  III.    Salts. 
Sp.  I.     Carbonate — Calamine. 

Bergman  first  announced  that  many  calsmi&es  are 
tarbonaies  of  zinc.  The  experiments  of  that  dicmist 
and  of  Dr  Watson  *  demonstrate,  that  most  of  the  cala- 
mines  of  this  country  are  in  that  state  \  and  this  has 
^  been  confirmed  by  the  late  experiments  of  Mr  Smith- 
son. 

The  carbonate  of  zinc  occurs  both  massive  and  in 
crystals ;  but  their  form  has  not  yet  been  ascertained 
with  precision.  Colour  brownish  or  yellowish  white. 
In  the  specimens  which  I  have  seen,  the  texture  was 
compact,  the  lustre  0,  the  fragments  indeterminate  j  and 
the  mineral  was  composed  of  testaceous  pieces.  Opaque. 
Specific  gravity,  as  determined  by  Smithson,  4*334. 
Soluble  in  sulphuric  acid  with  effervescence.  Does  not 
gelatinize  with  acids.  Mr  Smithson  found  a  spccitoen 
from  Somersetshire  of  a  mamellated  form,  composed  of 


*  QbtmiMl  Ena^it  iv.  lO. 


*S^*  2*     Hydrous  Carbonate* — Caiamitw. 

This  species  13  distinguished  from  the  last  bj  its  tow 
specific  gravity,  in  which  it  nearly  agrees  with  silicarcd 
oxide  of  line.  The  specimen  examined  by  ilr  Smith* 
son  was  from  Bleyberg  in  Saxony,  Its  colour  was 
white,  and  its  form  stalactiiicaL  Specific  gravity  3*5S4« 
Before  the  blow-pipe  it  became  yellow  ;  and  wheu  ex- 
posed to  the  heat  of  the  blue  flaihe  was  gradually  dis- 
sipated. Disiol  ved  with  etTcrVescence  in  sulphuric  acid  i 
nnd  when  heated  lost  about  -^th  of  its  weight.  It  yielded 

71*4  oxide  of  zinc 

13*5  carbonic  acid 

15'I  water 


100*0 


Mr  SmithsoQ  considers  it  as  composed  of 
(jO  hydrate  of  z.inc 
4a  carbonate  of  zinc 

100* 


•  Sc«  Plii*  Trtfii/.  i8oj. 


Hb2 


4t^  Mtt  or  tonitM*; 

-* 

Sp.  S.    Sulpbaii  •fXimc. 

This  sak  is  osuallj  in  a  state  of  aolatioa^  mod  dicn. 

fere  belongs  properly  to  mineral  waten.     Its  proper- 

&t  hare  been  described  in  fhe  First  Phrt  of  this  WocL 
t 

Ordu  XII.    ORES  OF  BISMUTH. 

Bismuth  occurs  osaallj  m  veina  xa  primitiTe  lodcii 
It  is  said  also  to  have  bc«n  observed  distrminald  k 
vacke.  It  is  nsuallj  accompanied  hj  the  ores  af  cs> 
bait.  Its  ores  are  not  abondant.  Thej  czift  la  aacb 
gtetter  qnantitj  in  Saxony  than  in  any  other  eoanj; 
but  diej  are  fennd  likemse  in  Sweden,  ^Btm^  sad 
Comwal.  The  foUowbg  Table  will  aerre  to  diovboir 
'  litde  diverufied  are  theores  of  this  metal. 

I.  AXJLOTS 

4«^ccieib  !•  Native  bumoth 

IL  SULPHURETS 

1.  Common 

2.  Cupreous 
III.  OxiD£s 

1.  Bismuth  ochre 

Bismuth,  like  gold,  platinum,  and  silver,  occurs  aeil 
commonly  in  the  sute  of  metal. 

Genus  I.    Allots. 
Bp.  ] .     Nativt  Bismuth  *• 
This  mineral,  which  is  found  at  Schneeber^p  John. 


*  Kirwan,  ii.  164.— Jtfrocbaati  ii.  34J*— HMqr»  vw.  x 
>^39S« 


fcorgcnstadt,  &c.  ia  Germany^  has  commonly  the  form  Sulphnrcti. 
of  small  plates  lying  above  one  another.  Sometimes  it 
is  crystallized  in  four-sided  tables^  indistinct  ctibes«  and 
tnmcated  tetrahedrons*  Its  primitive  fonn  is  the  fegti-^ 
lar  octahedron. 

Colour  silver  white  inclining  to  red ;  surface  often 
tarnished  red^  yellow,  or  purple.  Internal  lustre  4,  me* 
tallic*  Fracture  perfect,  foliated.  Fragments  indet^r- 
xniuate,  blunt-edged.  In  granular  distinct  concretions. 
Soft,  Sectik.  Opaque.  Frangibility  4.  Specific  gra- 
vity 9*022  •  to  fi*57  t«  Exceedingly  fusible.  Before 
the  blow*ptpe  gives  a  silvery  white  bead,  and  at  last  c- 
vaporates  in  a  yellowish  white  smoke,  which  is  dcpo-> 
sited  on  the  charcoal. 


Genus  II.  Sulfhurets. 
Sp.  1.     Common  Sulphur et  %. 

This  ore,  which  is  found  in  Sweden,  Saxony,  and 
Bohemia,  occurs  sometimes  in  amorphous  masses,  and 
sometimes  in  ncedleform  crystals. 

Colour  light  lead  grey.  Powder  black  and  shining. 
Internal  lustre  of  the  foliated  4  ;  of  the  radiated  3,  me- 
tallic* Lustre  metallic,  2  to  3.  Streak  obscurely  me- 
tallic. Fracture  foliated  i  sometimes  radiated.  The 
foliated  tn  granular  di«imct  concretions.  Soils.  Hard, 
ness  5.  Brittle.  Frangibility  4.  Specific  gravity 
€•131$  to  0-4^72  |[.      When  held  to  the  flame  of  a 


•  BriooQ.  f  KirwiB. 

\  iUrwan,  if.  a66.— -Sage,  Mtm,  P^r,  i;gi,  p.  jo^^-JnKl&ailtj  v 

{  Kirwan.  |  BriiMQ. 


MO 


OUS  or  BXSMCTH. 


Candle,  it  melu  with  a  blue  flame  and  aolpboreooi 
ataicU.  Before  the  blow-pipe  emita  a  reddish  jtllcm 
smoke,  which  adheres  to  the  chartoaL  This  powder 
becomes  white  when  it  cools,  and  resnmea  its  ibraKr 
colour  when  the  flame  is  directed  upon  it  *• 

S^.  2.     Ctfrtmi  Smlfhmtfi  f . 

This  ore  wu  discov^ed  bj  Selb  in  a  cobalt  mine  is 
Furstenberg^  where  it  coinposes  a  v^in  aboat  a  j«^ 
wide.  Colour  steel  grej,  but  by  ezposure'tb  the  sir  ft 
acquires  a  reddish  or  bluish  tarnish.  Masaiye.  LsMif 
2,  metallic.  Fracture  small-grained  uneven*  Giras 
4uli  blacWish  streak.  ^  Soh.    SectUe.     ^eavj. 

The  following  Table  exhibits  i  view  of  tlie  cotatL 
tuents  of  the  two  preceding  species,  accordiiy  lo  the 
fuisljses  hitherto  OMde  t      " 


Mfimm. 

CopreoM 

Bulpba. 

ret. 

t 

f 

II 

Bismuth 
Sulphur 
Copper 
•  Loss 

50 
40 

05 

5 

4T24 

12-58 

34*66 

6*52 

1    100 

100 

100 

*  Gillet,  /MfT.  /#  Min,  No.  vxzii.  585, 

t  Klaproih,  Gehlefi*i  /<»r.  ii.  187,  and  Biitr^^  i>.  91. 

i  ^g«-  S  Klaproth,  Beitrmie,  i  156.     But  die  ipecioieo  Q. 

amined  wat  not  commoo  •ulphuret.  It  had  been  dcKfibed  67  Btfen 
Born  at  an  alloy  of  wlvcr  and  molybdenum. 

^  KJiproth,  Gehko't  Jwr.  ii.  191.  ..I 


OCEJIC* 


Gekiis  IIF.    OxrDEs 


Sp,  I,    Bismuth  Ochre^* 

Tfiis  ore  is  extremely  rare.  It  has  been  obsen-cd  at 
^bneeberg  and  in  Bohemia.  It  Is  nsually  di%scfiiirisi- 
Icd,  or  at  the  surface  of  other  minerals*  CotQur  *traw 
yellow ;  sometimes  passing  inlo  light  yellowish  grey 
And  ash  grey.  Fracture  fij)e*gr aired  uneven  ;  pasi*in^ 
iota  foliated^  and  into  earthy »  Lustre  oC  the  fine- 
grained uneven^  1»  2  ;  of  the  foliated  3  \  of  the  earthy 
iO|  adamantine.  Opaque.  Soft ;  verging  on  friable. 
Uot  very  brittle.  Frangibility  4.  Specific  gravity 
4*37«ll*  £a4it)y  reduced  and  volatilized  by  the  blow- 
pipe on  charcoal.  Dissolve*  in  acids  with  efferves- 
cence. Its  constitutntiy  according  to  the  analysis  of 
JLampadius,  are  as  follows  : 

Oxide  of  bismuth  86*3 

Oxide  of  iron 5*2 

Carbonic  add 4*1 

P  """■■■■■ 


9y  t 


Order  Xlfl.    ORES  OF  ANTIMONY-f 

The  ores  of  antimony  occur  almost  always  in  vemi, 
tnd  aScct  the  primitive  and  transition  mountains.  Bj 
far  the  most  abundant,  and  the  only  ore  wrought  for 
metallurgic  purposes,  is  the  sulphuret.    Antimony  ores 


;>48.— Jaoicsop,  if.  jy;* 


P^S  OAEt  OX  AMTtmomTi 

g^m    oecur  in  coostdermble  qaaotities  in  di£Ferent  parui 
^"  I  ■ »    ■'   Sweden,  Norwaj,  Grerteenj,  France,  Britain,  &c.  Tk  1 
following  Table  ezhi^itt  the  fifftjrent  states  in  wind  | 
this  metal  has  hitherto  been  found  in  nature : 

tMtnf     I.  Allots  s.  Black  ore  of 

theSpcdti.        NstiTe  HL  OnDES  ' 

II.  SuLPBuaxTS  1.  White  oxide    . 

1.  Grej  ore  of  antinio-  2.  Red  ore  of  ssii|^ 

ny  t.  AntiflBooy  odm 

• 

Gxyusl.    AuoTs. 

Sp.  u    NoHvi  AfHimomy  *• 

This  mineral  wts  first  disdovered  by  Swali  st  Sitk 
tierg  in  Sweden  in  1748.  Tt  has  been  tSntt  okened 
in  two  other  placet,  at  Allemont  in  Fr;v^ce,  sod  at  Aa* 
dreasberg  in  the  Hartz.'  It  Occurs  massive  saiia  kxd- 
neyform  lumps.  Colour'  tin  white.  Lustre  4,  me- 
tallic. Fracture  perfect  foliated  with  a  fourfold  dcs. 
vage.  Fragments  sometimes  rhomboidal,  usualljio- 
determinate,  blunt-edged.  In  granular,  and  sometinKi 
in  lameUar  distinct  concretions.  Rather  sectile.  Fna- 
gibiKty  4.  Hardness  6.  Specific  gruTity  O'720t* 
Before  the  blow- pipe  melts  and  evaporates,  depositii^a 
white  oxide  of  antimon j.  A  specimen  froijn  Andras- 
berg,  analjrsed  by  Klaproth,  consisted  of 


•  Kinrao,  ii.  S45.^Bcocliaiit,  ii.  s6y^Hnff  ir.  S^s 
ii.  415*  f  Kliproth,lii.  t^ 


GeNCS  II.      StrLPttURETS. 

Sp  1,     Grey  Ore  of  Antimony  \* 

This  ore,  which  is  the  most  common^  and  indeed  al» 
tnost  the  only  ore  of  antimony,  occurs  both  massive^ 
disseminated^  and  crystallized,  Irs  crystals  arc  four- 
aided  prisms,  somewhat  flattened^  whose  sides  are  oear^ 
ly  rectangles,  terminated  by  short  four*sided  pyramids^ 
liifhose  sides  are  trapeziums  J,  Sometimes  two  of  the 
edges  arc  wanting,  which  renders  the  prism  six-sided  §. 
The  primitive  form  of  the  crystals  not  yet  determined* 
)t  is  divided  into  four  subspecies. 

Suhspecies  I.  Compact.  Colour  light  lead  grey,  sur- 
face often  tarnished,  and  then  it  is  blue  or  purpUUi* 
Massive  and  disseminated*  Internal  lustre  3,  2%  me- 
tallic. Fracture  fine-grained  uneven.  Fragments  in- 
determinate, blunt-edged.  Seldom  in  small  granular 
distinct  concretions.  Soft.  Frangibilily  4.  Soils. 
Streak  more  shining.  Specific  gravity  4*3fiS.  The 
TOOSt  uncommon  of  the  subspecies. 

Suhpmes  2.  Foliated.  Colouf  as  the  preceding. 
Massive  and  disseminated.     Internal  lustre  $,  4,  me« 


^  BtHraitt  iii.  S74,  f  Kirwaa,  it.  147*— Brodiai]t»  iL  jji, 

— Hauyjtv.  464. — Jamcton,iu  417. 
I  Rome  de  Lisk,  ill  49. 
I  Ibid.— ^c  iJio  Hau7»  /<«f.  dt  Mm.  No*  txsTu  606. 
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'490  0U8  or  Antriuomr. 


Book  ni     tallic.     Fracture  foliated  ;  sometimes  passing  into  broii 
V"    •  radiated.     Cleavage  single.     Fragments  mdeterminatf. 

In  granular  distinct  concretions  ;  coarse  and  fine,  loi 
usually  longish.  Soft.  Not  particularlj  brittle.  Fran, 
gibility  4.  Specific  gravity  4*368. 
.  SuhspecUs  3.  Radiated.  Colour  light  lead  grey,  oftta 
tarnished.  Massive,  disseminated,  and  cry stallized  in 
six  and  four  sided  prisms.  Surface  of  crystals  streaked 
longitudinally,  and  usually  shining.  Internal  Iustre4 
to  2,  metallic.  Fracture  radiated.  Fragmenu  iode- 
terminate ;  sometimes  splintery.  In  thin  imperfea 
columnar,  and  longish  granular  distinct  concretioos. 
Soft.  Not  particularly  brittle.  Frangibility  4.  Spe- 
cific  gravity  4*2  to  4*5. 

Subspecies  4.     Plumose.     Coloor  between  bladutb 

kad  grey  and  steel  grey.     Massive,  but  usually  in  tUa 

'capillary  crystals.     External  lustre  3  ;  internal  l,oicw 

tailic.  Fracture  dclicatep^omi^cuous  fibrous.  Fr^enti 

indeterminate,  blunt-edged.    Opaque.    Very  soft.  Not 

-particularly  brittle.     FrangiLiliiy  4.      Heavy. 

Sp.  2.     Black  Ore  of  Antimony  *. 

This  ore  is  found  in  Comwal.  Colour  iron  black. 
Crystallised  in  four-sided  rectaiigular  tables,  truncated 
on  the  edges.  Planes  of  the  crystals  smooth.  Intenul 
lustre  3,  metallic.  Fracture  small  conchoidal.  Frag- 
ments indeterminate.  Sot't.  Rather  scctile.  Hcavj. 
These  ores  have  not  yet  been  subjected  to  chemical 
analysis,  if  we  except  radiated  grey  antimony,  V9hk\ 
.  j-iclded  to  Bergman, 


*'j4nw»on,  ii.43j. 


P^TE  ORB  OF  ANTIMONT— OCHRE  OT  AimMO»T« 


i9t 


Antimony.*  74 
Sulphur  ,^  36 


100 


Cekus  III.     QXIDES. 
Sf*  J*  Jf^>#  Ore  of  Antimony  *. 

s  ore,  ^hich   has  been   found  in   Bohemia  ^ct 
Dauphiny,  is  somelimes   in  quadrangular  tables  and 
cubes  ;  sometimes  in  acicular  crystals  grouped  like  zeo- 
lites, and  somelimes  in   prisms.     Colour   passes  from 
ioow  white  to  yellowish  white.     Internal  lustre  3,  be- 
tween pearly  and  adamantine.  Fracture  foliated.    Single 
cleavage  ;    sometimes  radiated.     Fragments  indetermi- 
nate.    In  granuUr  and  coluninar   distinct  concretions. 
Transparency  2.  Soft.    Rather  scctile.    Hejivy.    Melts 
easily  by  the  flame  of  a  candle,  and  emits  a  white  va- 
pour +<     Before  the  blow-pipe  decrepitates  ;  when  pow-^ 
dered  and  just  ready   to  melt,  it  evaporates  and  leaves 
a  white  po\Ader  around;     Between  two  pieces  of  coal 
ft  ia  reducible  to  a  meialltc  state.     Tliis  ore  had  been 
taken  for  a  muriate  of   antimony  ;  bnt  Klaproih  haf- 
lately  ascertained  it  to  be  a  ^ufe- while  oxide  ofih^L 
metal  %. 

Sp,  2.     Ochre  of  Animofiy  \. 
This  mineral  is  uncommon.     It  has  been  found  at 


•  Kirwaii,  iL  151/— Brochant.ii.  381.— Haaf*  it.  ayj,— Jamc»on,  iL 
^,  f  Hau}\  Jwr.  it  M\n.  No.  iiiii  609, 

I  tCUproth,  ill,  1S3.  5  Kirwin  ji.  i^^*— ^^o^i^ti  ii,  j8^. — 

JuxtcsoD,  11431* 
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in  or  AHTfMdNr, 


Braunsdorf  near  Frcybcrg,  «nd  in  Hitngwy, 
times  ma$!»ivc^  sometimes  covcriog  grey  ore  oCm 
nj*     Colour  straw  yellow*  Lustre  0.  Fracture  exni?] 
Soft.     Not  particularly   brittle,  nor  heavy*    lafioikl 
beiore  the  blow-ptpe  j  but  emits  a  white  smoke,  j 
volatilized.     With  borax  it  froths,  4uid  is  partLji 
ced  to  the  metaUic  state. 


Sp,  3.      Kid  Or€  of  MniimQny  *  m 

This  ore  occurs  at  Braun&dorf  in  Saxony,  and 
nttz  in  Hungary^  and  at  AJlemont  in  France^ 
usually  in  the  state  of  capillary  crystals  grouped 
ther.  Colour  cherry  red.  Lustre  2^  adamantioe.  Fi 
turc  fibrous.  Fragments  wedge-shaped  and 
Id  coarse  and  small  longish  granular  distinct 
Opaque.  Streak  similar.  Very  soft*  Not  ? crj 
tie.  Frangibility  4.  Specific  gravity  3*75  t  to4'0«ti 
Before  the  blow.pipe  melts,  emits  a  sii^  !^  H  of  in^ 
phur^  and  is  volatilized.     When  heated  ^ticidi 

it  emits  sulphurcted  hydrogen  gas,  holding  hydroniL 
phuret  of  antimony  in  solution.  When  heated  tOR^ 
nesa  a  little  carbonic  acid  is  emittedp  some  glass  of  sot^ 
mony  is  formed,  and  the  greatest  part  assumes  thefots 
of  oaide  of  antimony.  It  yields  07^/^r  ctmi.  oCiod* 
mony. 

The  following  Table  exhibits  a  view  of  the  cooiato- 
cnts  of  such  of  the  preceding  species  as  have  been  aos- 
lysed: 


4S6.  t  Lsmcthcric  \  KJijiroih,  ill  x;^ 


OIlES  OF  TELLURtUtf. 


White  Ore. 

Red  Ore. 

* 

f      t 

Oxide  of  aQtimoa  J 

Sulphur 

Siltca 

Loss 

100  ' 

89 
S 

1   IB'S 
19-7 

^•o 

100 

100 

100 

Order  XIV.    ORES  OF  TELLURIUM  J. 


HERTO  tellurium  has  only  been  found  in  Tran- 
inia*  It  occurs  in  the  mines  of  Fatzbay,  Offen* 
ya,  and  Nagyag  j  which  are  considered  as  gold 
lines,  because  ihey  contain  less  or  more  of  that  metal, 
'ellurium  has  been  found  only  in  the  metallic  state, 
embined  with  gold,  silver^  or  lead.  There  arc  four 
lea  of  itj  distinguished  from  each  other  since  the  ana- 
rsis  of  Klaproth  i  namely, 

I*  Allots. 

1.  Native  tellurium 

2.  Graphic  ore 

3.  White  or  yellow  ore 

4.  Foliated  or  black  ore 


^  Khproch,  Biitragt^  lu*  1 8 J. 

f  Vauqudi&i  Hauji  iT.  274.    Uader  the  eilde  of  ftOtimORj  s  little 
\  U  rndudcd.  %  KJaproth,  B*i(ragf»  uL  ij», 

Oth,  ill.  i. 


vr. 


oRse  or  TKJMJUom 


Gekus  L    AxLors. 


Sf.  1.  NatM  Titturwm  *• 
,Amrum  Parddoxiam^  PrMematkmm. 
This  minerAl  hts  bectt  found  only  in  <be  tftuic  of 
rithilfy  in  the  Fttdt^  mountains  in  Transylvtaia 
occurs  massive  and  disseminated ;  and  also  crjstsll 
it  is  said.  Lustre  S>  metallic.  Fracture  foliated^ 
small  granular  distinct  concretions.  Soft.  Fran 
litj  4.    Specific  gravity  5*13  to  0*115  f. 

Sp.2-     Graf  bic  Ore  %• 
Schri/ier%^'-jMrum  iSrafbicumi 

This  species  has  been  found  onlj  in  the  mine  < 
Franciscus,  at  Offenbanya  in  Transylvania, 
usually  in  the  state  of  small  siz-aided  prumaiic 
tals»  grouped  tog^tlier  in  rows^  and  often  dispose 
such  a  way  as  to  have  a  resemblance  to  writteadu 
ters.  Colour  light  steel  grey.  External  lustx 
internal  2,  metallic.  Fracture  fine-grained  un 
Fragments  sharp-edged.  Soft.  Brittle.  Specific 
vity  5*723. 

Sp.  3.     White  or  Yellow  Ore  }\^Cetber9  of  Klap 
This  ore  has  been  found  only  in  the  mine  of  Ni 


«  KUproth,  iiu  2. — Brocbaot,  ii.  480.— HMiy,  it.  i%s» — ^Jan 

513- 

f  KUproch. 

X  ELkproch,  iU.  i6«— *Brochaut,  ii.  481.— Hivy,  iv.  js;.— Jan 

r  KUproUb,  lit.  so-^firoduuitf  iL  4S4«-*JudcmO,  ii.  jrS. 


FOLIATED  OREr 

n  TransylvaQit.  It  seems  to  bear  a  strong  resemblance 
.o  the  last  species.  Found  disseminated,  or  crystallized 
D  small  four>sided  prisms.  Colour  silver  white,  passing 
Into  brass  yellow.  Lustre  of  the  principal  fracture  4, 
I  5  of  the  cross  fracture  2,  metallic.  Fracture  in  one 
itrection  foliated,  in  ^oth^  small-grained  tiDeven. 
Soft.  Somewhat  sectile*  Specific  gravity  IO*eiB. 
Were  we  to  suppose  the  lead  accidentally  mixed,  the 
imposition  of  this  ore  would  agree  with  that  of  the 
last. 

Sp.  4.     Filiated  or  Black  On  •* 

This  ore  is  found  at  Nagyag,  and  is  wrought  for  the 
gold  which  it  contaios.  '  Itocchrs  jii  {ilaftesy  di*  in  six- 
sided  tables  somewhat  elongated.  Colour  between  lead 
grey  and  iron  black.  External  lustre  4  ;  internal  2^ 
meiallic.  Fracture  foliated.  Fragments  tabular.  In 
granular  distinct  concretions.  Stains  a  little.  Sof(. 
Leaves  slightly  flexible.  Specific  gravity  8*QI8.  So- 
luble in  acids  with  effervescence. 

The  following  Table  exhibits  a  view  of  the  consti- 
tuents of  these  ores^  according  to  the  aualysis  of  Kla- 
proth. 


4«S 


AUofi. 


•  ICUprotb,  uv  a6.— Brochaati  ii.  4S6.^JaiiieiOB»  ti.  519. 


oKSi  OF  Ammic* 


SdoklH. 


Nitiv?* 

Gra- 
phic. 

ycUow. 

Foijited. 

♦ 

t 

t 

i 

Tellurium 

Gold 

Iron                1 

Silver 

Lead 

Copper 

Sulphur 

92-55 
0'25 
7-20 

60 
30 

10 

44-75 
20*75 

8*50 
19-50 

0-50 

12-2 

0-5 

54*0 

1-3 

3-0 

100        ^100 

100         1    100 

J 

Order  XV,    ORES  OF  ARSENIC. 

Arsenic  is  scattered  in  great  abundance  over  tbc  mU 
neral  kingdom,  accompanying  almost  every  other aei4 
and  forming  also  sometimes  peculiar  vcias  of  itsovai 
These  veins  occur  most  commonly  in  primi litre  mom 
Uins»  though  they  are  found  alsoy  at  leas!  some  of  tbi 
species,  in  floetz  rocks. 

The  following  Table  exhibits  a  view  of  tlie  difeoE 
ores  in  which  this  metal  occurs. 


L  Alloys 

Native  arsenic 

II.  SULPHURRTS 

1,  Arsenical  pyrites 
2*  Orpiment 

III.  Orides 

Native  oxide. 


IV.  Salts 

Arsealate  of  Ilfne 

■  copper 
^^-"^-^^  iron 
lead 


♦  Beitngc,  la  I.       tn»*d*P>tO.        tlhi<tp.sj.       f  IbnlM 


l7AtlV£  ARSENIC, AllSEKtCAL   PTiaTES; 

Genus  I.     Allots. 

Sp,  1.     Nativt  jirsmic  *. 

Tuis  mioeral  is  found  in  diifercnt  parts  of  Germany. 

occurs  generally  in  masses  of  various  shapes*  kidnej- 
fbrm}  botryoidal,  S^c.  Colour  light  lead  grey.  Its  sur- 
face (juickty  becomei  tarnished  by  exposure  to  the  air, 
and  becomes  greyish  black.  Lustre  roetalHc  (when 
£peah}  3  to  2.  Streak  bluish  grey,  metallic  and  bright. 
Powder  dull  and  black.  Fracture  small-grained  un* 
even ;  sometimes  imperfect  foliated.  In  thin  curved 
lamellar  distinct  concretions.  Hardness  7  to  8.  Fran- 
gibtlity6.  Scctile.  Specific  gravity  5 '67  t  to  5 •7249 !• 
Gives  an  arsenical  smell  when  struck.  Before  the 
blow-pipe  emits  a  white  smoke^  diffuses  a  garlic  smelly 
burns  with  a  blue  Hame,  gradually  evaporates^  depo* 
Mtitig  a  white  powder.  It  is  always  alloyed  with  some 
iron  }y  and  often  contains  silver,  and  sometimes  gold. 

Geyrs  IL    SuLrfiuaETs. 

Sp*  1.     jirsemcal  Pyriits  )\> 

This  mineral  is  common  in  different  parts  of  Gerroa* 
ny,  &^c.  Ii  occurs  massive  and  disseminated,  and  verj^ 
often  crystallized.  The  primitive  form  of  its  crystals  is  a 
rhomboidal  prism,  the  angles  of  whose  base  are  103^  20' 


♦  Ktrwan,  ii.  ajj.— BrocKaiit»  iu  435,^HAtiy,  iv.  aio, — ^JutieiOfl^ 
%u  469.  f  RuwAb.  I  BnsiOio. 

,  \  Oc  Bom^  C«ui.  vf  Kaah,  til  194. 
I  Kirwan»  li.  15 6. •  Bruchaiir^   \i^  4j1l.'^Hauya  iv.  57^ — ]arociOfi,  ii. 

Fol.  IF.  .  I  i 


4?B 


OJI^S  OF  A&S£iric« 

aud  16^   40*     It  occurs  in  ihif   form.      Sometimet 
the  prhm  is  terminated  by  four-aided  summiti  j  iO(&c» 
limes  its  lateral  faces  are  cylindricaL      Ii  occun  iliob 
lenticular  crystals  *.     This  species  i%  divided  in 
iubspe(:its* 

Suhtpiciif  I*  Common,  Colour  •f  1I10  fresh 
silver  white  ;  by  exposure  it  acquires  m  y ellowii^  hb- 
nish*  Massive  ^  dissetniaaicd  i  i^:^^  crystal) txrl  k 
oblige  foiir^&ided  pristns,  vttf  acute  double  fom-i^ 
^ramidsi  irregular  cubcsp  and  needles.  I.aletal  bm 
smooth  \  those  fgrmed  hj  truaeation  tisuolljr  streakii 
Their  lustre  is  4.  Interoal  lustre  3,  2,  metallic.  Fau 
ture  coarse  and  small  grained  uneveo.  FragnkcUsii* 
de(ermioal<c»  btimt-edged.  Usually  uacep^ratcd  \  wm^ 
times  ii»  epluijinar  distinct  coQcretions,  Utrd«  Briltii* 
Frangibiliiy  2.  Specific  gravity  5*405  lo  i*52 
Whfn  rubbed  etnits  in  arsenical  scnell. 

Subspitm  2'  jirgmitferoits.  Colour  lilver  vUlt,  I 
surface  tarnished  yeltpwish*  Massive^  disaeauBiMi  | 
and  in  small  acicular  four-sided  prisms*  ExtermI 
lustre  5  \  internil  2»  1,  rnetallic*  Fracture  fine-giaind 
uneven*  Fragments  indeterminate.  Has  sornetiflDesi 
tendency  to  ftne  granular  distinct  coDcreiions.  la^dkci 
respects  ,ierees  with  the  preceding. 

Si>.  2.     Orpimeni* 

This  species  is  divided  into  two  subspceica  1  oi 
rtd  itrpimcnt  and  yellow  orpiment^ 


*  A  dficfiptiufi  of  the  different  Sofsn  in  whteh  sneiiUd  pjtkui 
wtih  figurci  of  cuch,  ii  given  by  fictnlurdi  in  GclikD*t  Jmr,  dci 


l>Rl?rMEl?T. 


"^SiiBtpeciet  t*  Rtd  Orpiment Realgar*.     This  mi-   Surphumm 

!  is  found  in  Sicily,  about  Mount  Vesuvius,  in 
tingary,  Transjlvanta,  various  parts  of  Germany, 
It  is  either  massive  or  crystallized.  The  primi* 
vc  form  of  the  crystals  is  an  octahedron  with  scalene 
HangleSf  which  seem  to  be  the  same  with  the  primi- 
iVt  form  of  sulphur ;  and  it  commonly  appears  in  4,  6^ 
p  10,  or  12  sided  prisms,  terminated  by  four-sided 
itnajiiits  f . 

Colour  aurora  red*  Streak  lemon  or  orange  yellow. 
Lxtetuftl  lustre  5,  i »  iDternal  3,  between  pearly  and 
damanttne.  Transparency  from  2  to  9,  Hardness  5 
6*  Frangibility  4*  Specific  graviy  3"33S4t.  It 
an  electric  f>er  se,  md  becomes  negattvely  electric  by 
ictioii^.  Nitric  acid  deprives  it  of  its  colour.  Before 
he  blow-pipe  it  melts  easily ,  burns  with  a  blue  6ame 
pd  garlic  smell,  and  ^oon  cvd^orates. 
SubsfecUs  2*  Ycilow  Orpiment  || ,  This  ore,  which 
found  in  Hungary,  Wallachia,  G<:orgia,  and  Turkey 
ti  Asia,  is  either  massive  or  crystalUied*  The  crystal! 
confused,  and  iheir  figure  cannot  be  easily  deter- 
luned  i  some  of  ihem  appear  octahedrons,  and  others 
inute  four-sided  prisms*  Colour  lemon  yellow* 
treak  similar.  Internal  lustre  4,  between  adaman* 
Ineand  scmimetallic.     Fracture  cunre*foliated«     Plates 


•  Kirwan,  ii  a6t. — Bergman,  ii.  i^j.—Brodunti  11,447.— Hatiy.i^. 
iaS.— Jsimewii,  iL  477. 

f  Ronii  d«  Lisle,  iil.  34.— Hiuy,  iv,  %t% 

\  BriMon.  i  Hauy,  Jtmf.  de  Min*  No.  tsxii.  61 1* 

I  Kirwan,  ti.  %6o. — Atlrrti  de  JttnJ^i^mtm(9.-~Scopo{\  In  anao  jto 
Iht,  Nai.  p.  59,— BcrgTii^n,  \u  J97.— Drochaxit,  if,  444.— Hauy,  *▼.  %IA, 
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flexible,  but  not  elastic.  Occors  in  large  and  ml 
granular  distinct  concretions.  Transpmrencj  2,  i 
Hardness  4.     Scctile.     Specific  gravity  from  3*041* 

3*521  f.  EflSsrvesces  with  hot  nitric  add.  Baa 
with  a  bluish  white  flame.  Before  the  blow. pipe  me^ 
smokes,  and  evaporates,  ieaving  only  a  little  evth  wk 
some  traces  of  iron*  Becomes  electrified  minm  iIb 
rubbed. 

Hitherto  the  first  only  of  these  spedea  his  ha 
analysed.  Both  the  subspedes  of  the  second,  wcod^ 
ing  to  Proust,  are  sulphurets  of  arsenic.  The  faOoib 
ing  Table  exhibits  the  constituents  of  common  nair 
pyrites,  according  to  thf  different  analyses  hitk* 
made. 


t 

II 

Arsenic 
Iron 
Sulphur 
Silica 

53-0 

16-3 

12-0 

42*1 

57-9 

48-1 
36-5 
15-4 

llOO 

100 

100 

«  Kirvran.  f  Ocllt rt.  t  VauqocIiD,  /«rr. iiMiM.U 

six.  p.  .3.  f  Lampadtiui,  Han^huchf  p.  3  lo. 

II  Thi^  it  the  result  of  my  analysis.  The  arsenir.  howercTf  it  Mel 
partly  by  estimate,  as  I  could  not  succeed  completely  in  separatief  kis 
a  stare  of  purity.  Lampadiut  denies  that  this  ore  contains  suJphor.  Tk 
ftpccimcnb  which  he  examined  must  hive  been  Tery  different  from  tase, 
an  in  my  trials  a  portion  of  sulphur  (onall  indeed)  ahvap  mmaui 
when  the  ore  was  dissolved  in  nitro<inuriatic  acid  :  Neither  coold  la^ 
cced,  as  be  did,  in  obtaining  the  arsenic  pure  by  Mtblimataoo. 


0R£3  or  ARSEKIC. 


GfiHUft  III.     OisiBes* 

Sp.   1.     Native   Oxidi^. 

3  ore  is  found  in  vanous  ^%xi%  of  Germany,  Hun- 

Xjp  &c.  cither  in  powder,  or  massive*  or  crystallized 

prismaric  needles.     It  is  very  uncoraraon.      Colour 

;c  or  grey,  often  with  a  tint  of  red,  yellow,  green, 

black.    Lustre  common,  1  to  2.    Transparency  1  to 

,  when  crystallized,  2,     Texture  earthy,      Harctuess 

Brittle,     Specific  gravity   S'lf,     Soluble  in   hot 

tinted  oicric  acid  without  effervescence.     Soluble  at 

^  Fahrenheit  in  80  times  its  weight  o!  water*     Be- 

rre   the  blow-pipe  sublimes,   but  does  not  inflame* 

oges  borax  yellow. 


I 


GfKUS  IV.    Salts, 
Sp.  I*     jirseniate  of  LimeX.^Pharmacoliti, 


I  This  salt  has  been  hitherto  found  only  in  the  mine 
bphta,  near  Witlichen  in  SiiabiR,  where  it  occurs  in 
|e  rents  of  a  granite  rock,  accompanied  by  cobalt  ore* 
lolour  reddish  and  snow  white.  Occurs  as  a  coating. 
Id  in  delicate  capillary  crystals.  Internal  lustre  i^ 
Iky,  Fracture  delicate  radiated.  Fragments  inde- 
^minate,  and  sometimes  wedge-shaped.  In  granular 
kUnct  concretions.      Transparency    1.      Very  soft. 


|«  Ktfwaii,u«  15S.— ficrgOMn,  u.  i8j.— Bfochant,  n.45a-^itt]r,  Jr. 


otjEijIj.— Hauy,  U.  193.— Klaproth,  iit.  a«o.— Janwwii,  \u 


^03  OAEft  or  COHAI-X. 

^^    Frtngibility  4.  Soils.  Specific  gravity  2-64  *  to  2-53«i 
V-  y  ■»'  According  to  the andlym of  KUproth, it  is  cooipoicd«( 

Arsenic  acid  ••  •  •  50*54 

Lime 25*00 

Witer 24*46 


^  lOO^OO  t 

5^.  2.  Arseniate  of  copper. — See   ClsM  IV.  Oricr 
VI.  Genns  IV. 

Sp.  S.  Arseniate  of  iroir.—See  Clsat  iV.  Order  VH. 
Genus  IV. 

Sp.  4.  Arseniate  of  kad See  Glass  IV.  Order  X. 

Genus  ill. 

Sp.  5.  Arseniate  df  Cobalt.,.*.45ce   CIms  IV.  Qrfcr 
^  XVI.  Genus  IV* 

Order  XVI,    ORES  OF  COBALT. 

Cobalt  ores  occur  both  in  primittvr,  tratiiion, 
and  floctz  mountains.  They  are  not  very  abusdist ; 
and  for  that  reason  cobalt  is  more  valuable  than  msaj 
of  the  other  metals  which  have  been  already  treated  oL 
They  are  commonly  accompanied  by  nicked,  bisoiotb, 
or  iron.  They  are  most  abundant  in  Gei-maay,  Swe« 
den,  Norway,  and  Hungary ;  they  have  been  foud 
also  in  Britain  and  France,  but  not  in  any  great  qoaa* 
tity. 

Few  of  the  ores  of  cobalt  have  been  analysed  with 
precision ;  hence  the   confusion   which   still   obscures 


f  KUproth .  i  Scbb.  %  Meitrmgr,  uL  9$u 


Beir  mineral ogical  Brratigemertt  and  description.     The     Alfcjrt. 
following  Table  exbibits  what  are  at  present  considered 
as  the  different  species  of  these  ores,  arranged  accortU 
ing  to  their  supposed  composition  : 


J  ALLOtS 

1.  While  cobalt  ore 

2.  Glance  cobalt 

3.  Grey  cobalt  ore 
n.  Oxides 

1.  Black  cobalt  ochre 


2.  Brown  cobntt  oclire 

3.  Yellow  cob^ilt  ochre 
in.  Salts 

J,  Arseniate  of  cobiTt 
£.  Sulphate 


GENtJS  L     Allots, 
Sfi.  1.     IVJjiie  C^baii  Ori^. 

This  is  the  most  common  species  of  cobalt  ore^  and 
indeed  almost  the  only  ore  wrought  for  metallurgic  pur* 
poses. 

Colour  silver  white,  slightly  inclining  to  reddish ; 
acquires  a  greyish  tarnish*  Commonly  massive,  or  In 
particular  shapes ;  sometimes  crystaHlred  in  cubes  or 
dodecahedrons.  Crystals  usually  small  j  t.nts  smooth, 
£xtemal  lustre  4  ;  internal  3,  2»  metallic.  Fracture 
fine  grained  uneven  ;  sometimes  radiated  and  imperfect 
foliated,  with  a  threefold  cleavage.  Fragments  inde- 
terminate, rather  blunt-edged.  Uui;*lly  unseparatcd  i 
sometimes  in  granular  distinct  concretions.  Senaihard. 
Brittle.  Franglbility  2.  Heavy.  When  struck  with 
Steel  emits  an  arsenical  smell. 


#  Jameionflt.4ja. 
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Sp.  2.     Glance  Coi^^. 

Found  in  beds  in  mica  slate,  at  Tunabcfg  in  SwedeO| 
from  which  most  of  the  crystallized  specimens  are 
brought ;  at  Los  and  9X  Modum,  in  Norwaj  ;  imd  like- 
wise at  Giern,  in  Silesia.  Colour  tin  white  ;  some- 
times  tarnished  grey.  Massive,  iq  varions  particnlir 
formsy  and  crystallized  in  cubes  and  octahedrons.  Sur. 
face  of  crystals  smooth  and  splendent.  Internal  lustre 
2,  metallic.  Fracture  fine  and  coarse  grained  oneTeo ; 
often  passes  into  imperfect  foliated  and  into  radiated. 
Fragments  indeterminate,  sharp-edged  ;  sometimes 
wedge-shaped.  In  g/anular  and  lamellar  distinct  con- 
cretions. Semihard.  Brittle.  Frangibility  3.  Spe- 
cific gravity  6*4509  +.  . 

Sp.  3.     Grey  Cobak  Ore  %• 

This  ore,  which  is  rarer  than  the  preceding,  occors  in 
various  parts  of  Germany,  Comwa],  France,  &c.*  Co- 
lour light  steel  grey,  inclining  to  white  ;  but  when  ex- 
.  posed  to  the  air,  is  soon  tarnished  greyish  black.  Mas- 
sive,  disseminated,  tubiform,  and  specular.  Intenui 
lustre  1,  2,  metallic.  Fracture  even  ;  sometimes  pas-, 
sing  into  large  flat  conchoidal,  and  into  fine  grained  un- 
even. Fragments  indeterminate,  pretty  sharp-edged. 
Seldom  in  lamellar  distinct  concretions.  Streak  simi- 
lar. Semihard.  Very  brittle.  Frangibility  4.  Spe- 
cific gravity  5*571  J. 


•  Jameson,  ii.  43a.  f  Han/. 

I  JjciDcson,  il  434,  {  Kirwao. 


^LAW  COBALT  OltE, 


The  two  first  of  the  prccrding  ores  seem  io  tescmWc 
ch  other  so  closely  as  to  form  at  most  only  subspe- 
es  of  the  same  species*  The  following  Table  exhibits 
^  analyses  hitherto  made  : 


-605 


OMtu 


Glance  Cob«lt. 

Grey 
Ore- 

m 

t 

t 

Cobalt 

Arsenic 

Iron 

Sulphur 

Loss 

49-0 
5-0 

2-2 

44*0 
55*5 

0-5 

20 
33 

23 

100 

100 

100 

Genus  II.    Oxides- 

Sp.  I,     Black  Cobalt  Ort\, 

Tars  ore,  which  occurs  in  different  parts  of  Cerma- 
y^  is  either  in  the  form  of  a  powder  or  indurated, 
[ence  it  is  divided  into  two  subspecies. 

Suhiptcie$  \.  Earthy.  Colour  bluish  black  ;  some- » 
imes  brownisK  black.  Composed  of  dull  dasty  par- 
ades, which  soil  very  little  ;  sometimes  loose.  Lustre 
|f  streak  3.  Feels  meagre.  Light,  almost  swimming, 
tefore  the  blow-pipe  gives  a  white  smoke,  which  has  an 
irsenical  smell,  and  colours  borax  blue. 


#  Tauoert,  Am.  d$  CLim.  txviU.  loa 

f  Kbprotb,  Bafragt,  ii.  367.  |  KJaproth'i  Ctrfttt^t,  p.  6t. 

I  Kirwio,  11,  a;;,— Brochant,  ii,39<5,— .Hauy,  iv,  114 — Jiinoon,ii. 


90^  .  OUf  or  GOBAAT* 

^^in.  Suijficifj  8.  Jmbtratid.]  Colour  asuallj  V^ 
u.  ^  >  black.  MaMivCy  diticmiosted^  and  as  a  coatbg.  t^ 
tcrnal  luftre  tcarce  X  ;  intemal  O.  Fracture  ine  cartkj. 
Fragmeots  indeterminate,  blant-edged*  Lnatta  of  itieak 
8,  resinous.  Very  soft.  Rather  tectile.  FrangiUHtj 
4.  Specific  gravity  2-019  lo  2*425  *•  Coasidaeda 
pure  oxide  of  cobalt,  bat  has  not  bean  aaalyacd. 

Sp.  2.     Brawrt  CoiaU  Oct^§  f  • 

This  ore  seems  peculiar  to  the  floetz  flkmntaias.  It 
is  found  in  Sitxony  and  Spain.  Colour  liver  kowi; 
sometimes  passing  into  yellowish  brown,  aod  iatt  black. 
Massive  and  disseminated.  Lustre  O.  Fractire  ioe 
earthy.  Fragments  indetermioate,  blunt-edged.  Stfcak 
similar,  but  shining.  Very  soft.  Sectile.  Fraogibi* 
lity  4.     Light. 

Sp.  3.      Telhw  Cobalt  Ocbrsf* 

This  ore  occurs  in  the  same  situation  as  the  prece- 
ding, but  is  rarer.  Colour  dirty  strav^  yellow  ;  soion 
times  passing  into  yellowish  grey.  Massive.  lotenil 
lustrs  O.  Fracture  fine  earthy.  Fragments  indetermi- 
nate,  blunt-edged.  Streak  shining.  Soft,  passiagioto 
friable.     Sectile.     Frangibility  4.     Light. 


•  Gclkrt  f  Jameson,  U.  44i'  t  Ihid  ii  445. 


Sp»  1.    Arseniaii  of  Cobalt  * — Rtd  Cobalt  Ort, 

This  species,  which  accompanies  several  of  the  other 
eres  of  cobalt,  has  been  divided  into  two  subspecies* 

Subspecies  1.  Cobalt  Cm  ft — Earthy  Red  Cohait 
Ochre ^  Colour  peach  blossom  red*  Seldom  massive  ; 
often  in  velvety  coatings.  Lustre  l,  0.  Fracture  fine 
earth j«  Fragments  indeterminate,  blunt-edged.  Scarcely 
$oits.     Streak  shining.     Very  soft.     Light. 

Subspecies  2.  Cobalt  Bloom  ^Radiated  Red  Cobalt 
Ochre,  Colour  peach  blossom  red  ;  often  cochineal  and 
crimson  red,  pearl  grey,  greenish  grey.  Massive,  dis- 
seminated, reDiform,  and  crysialliicd  in  short  needles, 
Mote  double  six-sided  pyramids,  rectangular  four«sided 
prisms*  External  lustre  3,  ^ ;  internal  3,  2,  pearly. 
Fracture  radiated*  Fragments  splintery  and  wedge- 
shaped  ;  sometimes  in  thin  columnar  distinct  concre- 
tions, collected  into  coarse  granular  distinct  concre- 
tions. Transparency  2,  1.  Streak  similar.  Soft. 
Not  particularly  bn  I  tie.  Rather  sectile*  FrangibiJity 
4,     Light. 

Before  ihc  blow*pipe  becomes  grey,  and  emits  a  gar- 
lic smell,  but  without  smoke*     Tinges  borax  blue. 

5/.  2.      SulphaU\o/  Cobalt. 
This  salt  has  been  found  in  Neusohl  in  Hungary, 
in  the  form  of  transparent  stalactites  of  a  red  colour. 


•  Kiaproth,  ii.  378.— Bn>ch*of,  tl  403.— Hatiy^ty.  if<J.^J2in«wj, 


5M        ^  .-        .    .  •      ORES  OP  MAKOAWnX* 

C?^^*    Some  mineralogists  considered  these  lUlactites  is  soL 

'    \  — '   phate  of  manganese  ;  others  as  sulphate  of  cobalt.  Us. 

proth  found,  by  analysis,  that  the  latter  opinion  is  the 

true  one*. 

Ordee  XVII.    ORES  OF  MANGANESE  +. 

Ores  of  manganese  occur  both  in  primitive  and  traos- 
ition  mountains.  They  are  very  common,  having  been 
found  abundantly  in  Germany,  France,  Spain,  Britain, 
Sweden,  Norway,  Siberia,  and  other  countries. 

Hitherto  manganese  has  only  been  found  in  the  stale 
of  oxide.  La  Perouse,  indeed,  suspected  that  be  had 
found  it  in  a  metallic  state ;  but  the  quantity  wu  too 
minute  to  admit  of  decisive  experiments*  The  follow- 
ing Table  exhibits  the  ores  of  this  metal  which  ban 
been  described : 

I.  Oxides 

1.  Grey  ore 

2.  Black  ore 

II.  Salts 

1.  Red  ore  or  carbonate 

Genus  I.    Oxides. 
S/>.  u     Grey  On  J. 
This  mineral  is  found  in  great  abundance  in  difieren; 

♦  BehragCf  ii.  310. 

I  Pott,  Mfhcflam.  B<r»/ent,  Ti.  49.— Margnff,  Mem.  Bertim,  I773>P*  3* 
— I^  Perouse,  Jwr.  it  Ptyt,  xvl  156.  an*  «¥.  67.  mod  UTiii.  6S*— Sifc, 
ilffw.  i»4r.  X78j,p.23i. 

I  Kirwan,  ii.  291.— Brochant,  ii.  4x4,— Hauy,  iv.  »4J.— J«neifl% 
ii.  452. 
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purts  of  the  earth.     It  is  divided  into  four  subspecies     Ov^e^ 
tjr  Werner. 

Subipeciis  I*  Radiated  Gny  On,  Colour  sted  grej. 
Fouad  massire  aod  disieroinated,  and  crystallised  tn 
four-sided  prisms,  either  terminated  by  four*sided  or 
by  two-vded  summits.  The  faces  of  the  prisms  are 
longitudiuallj  streaked.  Interual  lustre  2»  3,  metallic. 
Fracture  radiated*  Surface  of  fracture  streaked*  Frag- 
naeots  splintery  or  wedge-shaped.  In  granular  distinct 
concretions.  Streak  sin^ilar*  Stains*  Soft.  Bridie* 
Frangihility  2.  Specific  gravity  from  3*1076  to  4'756- 
^  Subspecies  2.  Foliated  Grty  Ore,  Colour  steel  grey. 
Found  massive,  disseminated^  and  crystallized  in  loog- 
ish  rhombs.  Internal  lustre^  2,  3,  metallic.  Fracture 
foliated.  Fragments  indeterminate, blunt-edged.  Streak 
-  black  and  dull.  Stains.  Soft.  Brittle.  Frangibility 
3.     Specific  gravity  3' 142. 

Subspecies  3.  Cumpact  Grey  Ore,  Colour  steel  grey. 
Found  massive  and  disseminated.  External  lustre  0  ; 
internal  2,  metallic*  Fracture  even  ;  sometimes  incli- 
ning to  fiat  conchoidal.  Fragments  indeterminate,  not 
very  sharp-edged.  Usually  unseparated  ;  sometimes  in 
tliick  lamellar  distinct  concretions.  In  other  respects 
resembles  the  preceding. 

Suhspecitt  4.  Earthy  Grey  Ore,  *  Colour  dark  steel 

,    grey,  inclining  a  little  to  bluish.    Massive.    Composed 

of  delicate  scaly  particles,  which  have  a  glimmering 

metallic  lustre.   Soils  strongly.    More  or  less  cohering. 

Feels  fine  but  meagre.     Moderately  heavy. 

The  grey  ore  of  manganese,  before  the  blow-pipe,  be- 
comes brownish  black,  but  does  not  melt.  Tinges 
borax  violet. 


510  OEES  or  MAllOAKS8l&* 

Chimin  Sp*  2.     Black  Ore  of  Manganese  *. 

This  ore  is  rare,  and  asaallj  occurs  along  with  grej 
antimoaj  ore.  Coloar  between  brownish  and  grejiih 
black.  Found  massive,  or  disseminated,  or  crystallized 
in  octahedrons.  Surface  of  the  erjstals  smoootb  ssd 
shining.  Internal  lustre  2.  Fracture  iosperfect  &£• 
ated.  Fragments  indeterminate,  blunUedged.  In  small 
granular  distinct  concretions.  Streak  reddish  brows. 
Opaque.     Semihard.     Brittle.     Heavy. 

The  following  Table  exhibits  a  view  of  the  coosti. 
taents  of  these  species,  according  to  the  analyses  hi. 
tberto  n>ade : 


a  Brochant,  il  444.— JamctoD,  iL  460. 
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•  lUaproth,  Mntrnftt  iii.  30|.    The  «pf eiflflcn  wat  from  ll^eld  to  the 

e&rt2. 

f  Cordicr  and  Betonicr,  /••r.  rfr  Arm,  N«i,  WiTI  f .  778.  The  fim  ipc- 
imen  yieMctV  j8  p*r  *e»>t.  «f  oxygen,  the  Kcuud  36-5 »  ^nd  the  third  4s. 
*he  lime  Ja  the  «ccond  Kpeci^n^  w«i  in  th«  fC*te  of  csrhanate. 

t  Cardtcr  ani  BcnutiUr,  Ibid  The  fine  t|>ecMii^,  from  Sc  Mlciiid* 
irlded  5JJ  ^^r  <#«/,  of  oiygcn  ;  the  lec^nd,  from  Peri^cux,  1 7  prr  t<nt, 
*h«liine  in  thc»c  w^  cout^mJiutcd  with  fr»mc  tnayrnciiair  iron^  and  rrun< 
ineac.  The  third  specimen^  fr<»m  KiiXtiaorchc«yitUled  357  ^rr  tenf,  of 
if  gen  ;  the  fourth,  from  Lavcline,  if  ^  t^rwl.  The  Itnte  in  th««  l^e  w»i 
I  toe  natc  of  car  bonier. 

I  Klapruth.  Stitra^r^  m.  4X*  Th*  fpecimcQ  antlped  was  frwn  Tnn- 
jrlvuita,  :iud  had  been  called  Uatk  hIenJtt. 

j  Vn^udiD,  Gt;hUfi'»  /('^T.     Sccavd  ^ici^  ti  J4* 
f  Klaproih.  fidtr^^t,  iv.  ijr      The  •pctimcn  analyted  WM  foA  Dal??- 
rtti^and  Pilfered  ID  tti  fropertici  t.tmci^hat  fr«m  the  i/j«l  s^t  dcfcri- 
Kdintbet««t* 
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Genus  II.    Salts. 
Sf.  1.     Carbimate — Red  Or§  ofMamgamse*. 

This  ore  has  been  found  in  Trmnsylvanis  in  tk 
inines  of  Nmgyag,  and  is  said  also  to  occur  b  Nomif 
and  France.  Massive.  Colour  pale  rosy  red  ^  If 
withering  beconies  light  jellowtsh  brown.  Fradnt 
even.  Lustre  6.  Transparency  1.  Hardness  8.  Brittk. 
Frangibility  4.  Specific  gravity  3*233.  The  coatt. 
tuents  of  this  ore,  according  to  the  analysis  of  Liafk 
dius,  are  as  follows : 

Oxide  of  manganese  48 

Carbonic  acid  40*2 

Oxide  of  iron   2*1 

Silica    0*9 


100*2t 

Order  XVIII.    ORES  OF  CHROMIUM. 

Scarcely  any  thing  precise  is  known  respecting  the 
situation  of  the  ores  of  chromium.  Those  hitherto  ok* 
served  would  appear  to  occupy  veins  in  primitive  for- 
mations. The  following  Table  exhibits  a  list  of  the 
species  at  present  known  : 

I.  Allots 

1 .  Needle  ore 

II.  Oxides 

1.  Chrome  ochre 


*  Kirwan,.iL  297. — NapioOi  Mtm,  Turim^  W.  303. — Brachiutf,&.4i; 
*-JameMn,  ii.  463*  t  J«inetODy  Mimtr.  iL  464. 


III.  Salts* 

t,  Chromate  of  iroci 
2*  Chromtte  of  lead* 

GxHus  L    Allots. 

This  ore  has  been  found  in  Siberia*  Colour  dark 
steel  grejy  but  becomes  readily  tarnished  yellow  on  the 
surface.  In  imbedded  acicular  crystals.  Internal  lustre 
9,  metallic.  Fracture  small-grained  uneven,  some^ 
limes  approaching  conchoidaL  Soft,  approaching  semi'* 
Not  particularly  brittle.     Heavy* 

Gnrvi  II*    Oxmcs. 

Sfn  1.     Cbmme  Ocbnf* 

Occurs  along  with  the  preceding  species*  Colour 
I  ^erdegris  green,  passing  into  straw  yellow.  Massive^ 
[disseminated^  and  in  membranes*  Lnstre  0.  Fracture 
wmetimcs  uneven,  sometimes  fine  earthy*  Soft.  Not 
[.particularly  heavy. 

GcNUS  III.    Salts. 
tjfm  I*     CbromaU  of  Iron  t# 

Tms  mineral,  which  has  been  found  near  Gassin  in 
the  department  of  Var  in  France^  and  in  Siberia,  is  ia 
irregular  masses* 

Colour  brown,  not  unlike  that  of  brown  blende. 


9  JinKtontit,  stt* 

t  Brochanti  IL  iJ4^*-HMi7t  it*  iS9* 


Kk 


5X4 

Chip.  II. 


o&cs  or  uiAyiUM. 

Powder  ash  grey.  Lustre  slightly  metallic.  Hardui 
sufficient  to  scratch  glass.  Specific  gravity  4'03« 
Does  not  melt  before  the  blow*pipe  p§r  le  ;  but  mdi 
with  borax,  and  forms  a  fine  green  bead.  Insokbki 
nitric  acid.  Melted  with  potash  snd  dissolved  inwite 
the  solution  assumes  a  beautiful  orange  yellow  coIm 
Its  constituents  are  as  follows. 


• 

t 

t 

Oxide  of  chrome 

Oxide  of  iron 

Alumina 

Silica 

Loss 

43-0 

34-7 

20-3 

2-0 

53 
34 
11 

1 
1 

55-5 
33-0 

6*0 

2-0 

100 

lOO 

100 

S/f.  2.  Chromate  of  lead.^See  Order  X.  GcouiUI 


Order  XIX.    ORES  OF  URANIUM. 

The  ores  of  uranium  occur  in  Saxony,  Bohenm 
Norway,  Cornwal,  France,  and  are  found  in  veins  i 
primitive  mountains.  Hitherto  it  has  been  observe 
only  in  the  state  of  oxide.  The  following  are  the  $pc. 
cies  at  present  known : 
I.  Oxides 

1.  Protoxide  or  pitch  ore 

2.  Green  mica  or  green  oxide 

3.  Uran  ochre  or  peroxide. 


«  Vauqnclin,  7«,r.  de  M:n.  No.  It.  ?i., .    Spcimcn  from  the  Vn. 
f  Lai^ier.  PbU.  Mag,  xxiv.  7.    Specimen  from  SibtfM. 


Gekos  I.    Oxides,  ^  '^ 

Sp.  1.     Pitch  Orf.—PtcbhUnd£^. 
Tins  ore^  which  hts  been  found  at  Joh&nngeorgen- 
lladt  in  Ssxotiy^  Joachimsibal  in  Bohenua^  and  Ko« 
I  Aigsberg  10  Norwv^i  is  cither  massive  or  dissexDiDated* 
Colour  velvet  black  or  dark  grejiih  black.     Streak 
^iimiiar.     Iniemal  lustre  3|  2,  resinous*     Fracture  im** 
[{letfect    flat    conchoidal*       Fragments    indeterminate^ 
I  sharp-edged.     Occurs  in  thick  carded  lamellar^  and  in 
[coarse    aagulo -granular    distinct    ooncretions.       Soft. 
Very  brittle.     Specific  gravity  from  0*37fi5tta  7*5f 
I  and  even  higher  t«      Imperfectly  soluble  in  sulphuric 
I  and  muriatic  acids ;  perfectly  in  nitric  acid   and   aqua 
regia.     Solution  wine  yellow.    Infusible  with  fdkalies 
"-*   in  a  crucible  ;  infusible  by  the  blow-pipe ^^r  n*     Witli 
I '  borax  and  soda  forms  a  grey  opaque  slag  ^  with  micro* 
.cosmic  salc^  a  green  glass.  A  specimen  of  this  are  from 
[ilpachimsthal^  analysed  by  Klaproth,  contiuned 
to '5  uranium 
d'O  snlphuret  of  lead 
5*0  silica 
2*5  oxide  of  iron 


kls 


lop'O  5 

Sf*  2.      Vran  Mica  W^^Gnen  Mtca^^CbaL^liU* 
This  substance  is  found  in  Comwal,  France^  at  Jo* 


f  Momao,  /Mr*  de  Mm  So,  xxxiL  6ta 
I  KkpToth,  BfiirJittU,  197.  |  Entrant ^  »-ili* 

0  Kirwvi,  ij.  So^^— Hiaj,  tr*  aSjoBrocLiiit^^       #j.— JttltitOf 
"il  508. 

Kkf 


Oiide 


lid  •RES  OF  URAKIUM. 

BaA  m*    hanngcorgcnstadty  and  ot^ar  Eibeu^tcMJc  and 
*  ,    ^      '    den  bach  *.     It  is  sometimes  in  membraiiei^  bm  i 
commonly  crystalliicd*     Its    crystals  :tfc 
lbor-%ided  tables,  cubes,  and  ocutbedrocu. 

Colour  grass  green/  pasttng  into  emerald  gteea  mi  \ 
into  itskin  green.     External  lostre  3  ie>  4  »  intcfttill^ 
2t  pearly*.     Traosparcncy  2  to    I.      Fraciore  fbtitel 
H-irdness  5  to   0*     Secule.     Fnmgibililj  4*     Sp 
gmvity  3*1213  f*     Soluble  in  nitric  acid  withcnitc 
vescence.     Infusible  by  alkalies. 

Composed  of  oxide  of  uraniiim^  with  some  oxUi j 
copper. 

Sfi,  5*     Uran  Ocbrt  t* 

This  species^  which  occurs  along^  with  the  otto  em 
of  urantuntip  is  divided  into  two  subspecief  * 

Sahtftciet  I .  FriabU*  Colour  straw  yeUow,  jmh 
ing  into  Irmon  yellow^  into  yellowish  brown  aod  cfaap 
yellow,  and  sometimes  aurora  red*  Usually  cotapicA 
ore^  Friable^  and  composed  of  dull  dusty  p«itido« 
Soils  feebly.     Feels  meagre.     Not  pmrticularly  btwj, 

Suhsficiet  2*  Indurattd.  Colour  as  the  preccdif. 
Massive  and  disseminated.  Internal  lustre  0.  Sonie* 
times  ip  2.  Fracture  small-grained  uneren  i  sometiiDes 
passes  into  earthy,  sometimes  into  soiall  cooehoidiL 
Fragments  indeterminate.  Opaqae.  Soft.  Brittk« 
Soils  a  very  little.     Specific  gra%nty  3*15  to  3*2431 1« 


♦  Cmelin.  f  Champeaut. 

I  Kirwan,  H.  30J.— Bfochint,  iL  464<— Jaaaeaoo^  IL  J  tib 
I  Laaiethaie  aad  Havf . 


coif  MOK  lUtrllVRET* 

Hulk  XX,    ORES  OF  MOLYBDENUM, 

G£NUI  I.      SULPUURETS. 

Sp*    1 .     Common  Sulpburit  ^^^Molyhdena^ 

IIS  ore,  which  is  the  only  species  of  molybdenum 

'at  present  known,  is  found  comntionly  massive; 

^metimes,   however,  it  is  crystallized  in  hexabedral 

^Ues  and  prisms.     Its  prim  hive  formi  sccordin^  id 

iuy,  is  a  rhomboidal  prism  with  angles  of  00'  and 

Colour  light  lead  grey*  Streak  similar.  Lustre  4, 
^^  metallic*  Fracture  perfect  foliated.  Lamellae  slight- 
flexible.  Occurs  in  large  and  coarse  granular  dis- 
:ict  concretions.  Soft*  Frangibility  4.  Splits  easily, 
tile.  Specific  gravity  4*569  t  to  4*73B5  t-  Feels 
sj  ;  stains  the  fingers.  Marks  bluish  black.  A 
lecc  of  rcsio  rubbed  with  this  mineral  becomes  pbsi. 
tvely  electric  $*  Insoluble  in  sulphuric  and  muriatic 
acids  \  but  in  a  boiling  heat  colours  them  green,  Effer. 
Tesces  with  warm  nitric  acid^  leaving  a  grey  oxide  un* 
dissolved.  Before  the  blow.pipc,  on  a  silver  spoon^ 
emits  a  white  smoke,  which  condenses  into  a  white 
powder,  which  becomes  blue  in  the  intemaU  and  loses 
its  colour  in  the  external  flame.  Scarcely  affected  by 
Qrax  or  microcosmic  salt.  EServesces  with  soda,  and 
rives  it  a  reddii»b  pearl  colour. 
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Sulphuretf. 


IT,  J*Mr,  it  Phjt*  nvii.  434- — Ilicmiiia,  Ibid,  xx&til  191  — di-c,  IbiJ. 
.— KUproth  and  Modcer,  Am,  Ji  Cltwr.  uu  is^.— Brocbaoi,  li.  4J4. 
-lUuj,  IT,  tt^ — Jmncioo,  it,  465. 
t  iUrflOL  ^  Briiaan.  {  Hauji  /#vf .  dt  Mia*  sis.  7^ 


J 


Sli 


oAts  or  Ttmc«Ttir. 


Composed  of  about  60  moljbdenuiB 
40  stalphar 


100  • 


Own  XXI.    ORES  OF  TUNGSTEN, 

Ous  of  tungsten  litve  hitherto  been  fouad  oqI|q  ^ 
the   primitive  mountains.     They  ver^  oftai 
fzuj  tin  ores.     Hitherto  tbii  metal  has  occurred 
in  the  state  of  an  oride^  cpnstitnting  two  distinct b; 

GEKtrs  L    Oxrocs, 
Sf*  I.     Wot/romf. 

TBr9  species  is  found  in  different  p^ts  of  Gtxmmf^ 
in  Sweden,  Cornwall  Fmnce^  aod  Sptio  ;  mdisaloeM 
Gonstamtl/  accompanied  hj  crei  of  tui«  It  oecst  bd^ 
wwhreand  crystaUiicd.  The  {irtcnttire  focttoEili 
cryumlip  accordtng  to  the  observations  of  Mr  Hiuj^^iii 
fectaagobr  pftraUclopipedy  whoic  length  la  S*60,  nbm 
breadth  it  5t  ^d  thiokneu  V3S  t«  la  atftny  can^  tk 
angles,  and  somedmcs  the  edgesy  of  the  nytiAm 
truncated. 

Colour  bctweeo  dark  gtejrish  laii 
Streak  reddish  biowft*    Powder  slnu  psp^e  mtfli 


•  Kbproth.  Thif  rciuU  agrrci  ciactlf  with  tie  late  aiia|rib  tf  lift 
ore  by  Bochob.    Stc  Ccfilcn*t  /n»r.  iv-  6oj» 

t  Kirwan,  iL  |t6.— DeLoyarclMor.  7i«>A«vr«  B.  t4l««»CMi^ 
Cretlli  /««r.  Edg.  Tnnal,  ul  is;.  20J«  uid  sgs.— La  TVTHaa,  Jw  i 
MtM.lfo/if,  p.  ij.— Brvchior,  iL  4j6.^flsDjr,  r«*  jt4.^Jbae^a_ 


tmrGiTAn  or  uai£» 


$IB 


I  cdouTt     Lustre  external  2 }  internal  2  to  3,  Ihe- 

ItmUtc.     Fracture  foliated.     Cross  fracture  coarse  and 

kiaiaU  grained  uneven.     Easily  separated  into  plates 

hy  percussion.     lo  lamellar  distinct  concretions.     O- 

p«i|ue«     Soft.     Brittle.     Specific  gravitj  from  1' 006  * 

ito  t*333t.     Moderately  electric  bj  communication. 

l^ot  magnetic.  Infusible  by  the  blow*pipe.   Forms  with 

[  1i#raz  a  greenish  globule,  and  if  iih  microcosmic  salt  a 

I  transparent  globule  of  a  deep  red  (. 

Sp.  2.     Tmgjtafi  &/ Zimi  j* 

This  ore,  which  is  nov^  scarce^  has  hitherto  been 
found  only  in  Cornwal,  St^eden^  and  Germany.  It  is 
usually  massive,  sometimes  crystallized  ;  and,  according 
ta  Bouftion^  the  primitive  form  of  its  crystals  ts  ao 
acute  OLtahcdron  ;  the  solid  sngle  at  the  summit  of 
Trhich  measures  4^^  on  the  taceS|  and  64^  22^  oo  the 
Wc%es»  For  a  description  of  the  varieties  of  crysuUi^ 
Mtion,  the  reader  is  referred  to  Bournon  ||. 

Colour  yellowish  aad  greyisli  white ;  sometimes 
Srefges  on  snow  white  ;  passes  into  yellowiab  grey,  yel- 
lowish brown,  and  approaches  orange  yellow.  Lustre 
3  to  2,  vitreous.  Transparency  2  to  3.  Fracture  fo- 
liated.  Fragments  indeterminate,  rather  blunt-edged. 
Sometimes  in  granular  distinct  concretions^  Not  parti* 
cularly  brittle.     Frangibility  4.     Soft.     Specific  gra* 


Omdm, 


•  KirwiD.  f  Kaiif. 

I  Viuquelin*  /«rr.  dt  Mhf.  N*i  JtU.  it. 

$KfrwMi|  ii3T4.*-3«*eei^*Woiif  (Prcmh  Tfaail.),G.Sf.-rBeff- 
mui,  Ibid  p.  94.— Crcll,  Ctrm,  An^ttft,  I7«>,  %  BmL  i^5.^Klaprotfc# 
iu*  44— J*'»e*oiJ>  ii.  4S4* 


Mm 


•HKfl  or  TtTAKtVir. 

viij  5*8  to  fl'0d65*  Becoroei  yellow  when  digegrf 
with  nitric  or  muriatic  acid.  Infusible  by  the  blov* 
pipe*  With  borax  forms  a  colourless  gUss,  ualos  tie 
borax  exceed,  and  then  it  it  brown.  With  microcoii 
mtc  salt  It  forms  a  blue  glass,  which  loses  its  colour  \j 
the  yellow  flaroCf  but  recovers  it  in  the  blue  f 

The  following  Table  exhibiu  a  view  of  tim  i 
iuents  of  these  species. 


Wolfrixn. 

Ttuigmau 

f 

t 

♦              f 

Oxide  ot  tungsten 

Oxide  of  iron 

Oxide  of  manganese 

Lime 

Silica 

Loss 

46-9 

31-2 

21'0 
100 

07 
18 

6-25 

1'5 

7-25 

77*75 

17*6 
3 
1'65 

75*<| 

I8*7rff 
1  i  1 

ICO 

iT»n 

too  j 

Oroir  XXIL    ores  of  TITANIUM, 

Hirni^XTO  titanium  has  been  found  almost  exdo 
ly  iu  the  primiti?e  mountains^  the  Capmcks  %, 


^  SfhttU  and  Berxmto^ 

t  VaiiqucJiti  *tid  HfUit,  Jmn.  ii  Mm>  Na  xb.  fw  If. 

f  /i^r.  dt  Mim.  No,  lii  ^  I, 


IIEKACIIAKITI. 
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Ips*,  aod  the  Pyrenees +>  in  Brittannyti  and  hi  Corn- 
11;  or  in  alluvia]|$and«    It  has  been  ob!>erved  only  in 
the  itate  of  an  o3cide^  either  pure  or  combined  with  iron 
silica,  and  constituting  six  species. 


Ondcii 


Genus  I.    Oxides* 


Sf*  I*     Menacbaniti  ^. 

1%  substance  was  first  found  in  the  valley  of  Me* 
Bacb'n  in  Cornwall ;  andhence  was  called  ntinachamte 
by  Mr  Gregor,  the  discoverer  of  it-  It  has  been  since 
observed  in  the  island  Providence,  and  in  Botany  Bay. 
It  is  in  small  grains  like  gunpowder  of  no  dererminate 
ahape^  and  mixed  with  a  fine  grey  sand.  Colour  grey* 
ish  black.  Easily  pulverised*  Powder  attracted  by 
the  magnet.  Surface  rough  and  glimmering.^  Internal 
lustre  3f  2,  adamantine ;  passing  into  semimtftallic. 
Traclurc  imperfect  foliated.  Fragments  indeterminate, 
sharp-edged.  Opaque.  Soft.  Brittle.  Streak  similar. 
Specific  gravity  4*421.  With  two  parts  of  fixed  alkali 
it  melts  into  an  olive-coloured  mass,  firom  which  nitric 
acid  precipitates  a  white  powder.  The  mineral  acids 
<mly  extract  from  it  a  little  iron*  Diluted  sulphuric 
acid  mixed  with  the  powder  in  such  a  proportion  that 
the  mass  is  not  too  liquid,  and  then  evaporated  to  dry- 
ness, produces  a  blue  coloured  mass.  Before  the  blow- 
pipe does  not  decrepitate  nor  melt.     It  tinges  microcos* 


•  Bolumko,  Ibid,  N4f,  %Va,  451.  and  S«iiiiure,  Vtgagej^Ha,  1194. 

I  Jtiir  4*  Min,  No  II lU.  6 14'  t  ^bid. 

}  ICtrw&n,u.  316, — Grcgiir.  Jme, (^  Phyt.  xiii**  7S(lt  154. — Scbmd*- 
ter.  CrcU*»  Jlmmait^  Ifif .  Tmul.  iu*  ijs^^firocllaac,  ii.  468.->Jr 
*'49»- 


S22  '  ORES  OF  TiTAynm* 

Book  liT.  Bie  sdt  green ;  bat  the  colonr  beootnet  brown  w  cmL 
log ;  yet  microcosmic  salt  does  not  dissolve  it.  Sdatk 
in  borax,  and  alters  its  nature  in  the  same  manner. 

Sp.  2.     Octabedrite  * — Anatase. 

This  mineral  has  been  'hitherto  found  onlj  in  Dnu 
phinj.  It  is  always  drystallized.  The  primitive  Cons 
is  an  elongated  octahedron,  whose  base  is  a  square :  tk 
inclination  of  the  two  pyramids  is  137*.  The  soaaits 
are  sometimes  complete  and  sometimes  truncated.  Co- 
lour from  indigo  blue  passes  to  reddish  and  yellowiik 
brown.  Faces  of  the  crystals  tranaverselj  striatei 
Lustre  4,  adamantine.  Fracture  foliated.  Tramps, 
rency  2,  S.  Scratches  glass.  Brittle,  easily  brokes. 
Specific  gravity  3*8571. 

Sp.  3.     RuthiU  \—Red  Schorl— Tttanite  of  Kirwaa— 
Sagenite  of  Saussurc — Nadelstein. 

This  ore  has  been  found  in  Hungary^  the  Pyrenees, 
the  Alps,  and  in  Brittanny  in  France.  It  is  generallj 
crystallized.  The  primitive  form  of  its  crystals,  ac- 
cording  to  the  observations  of  Hauy,  is  a  rccungular 
prism,  whose  base  is  a  square  ;  and  the  form  of  in 
molecules  is  a  triangular  prism,  whose  base  is  a  right 
angled  isosceles  triangle ;  and  the  height  is  to  any  of  the 
sides  of  the  base  about  the  right  angle  as  V12  to^  5| 
or  nearly  as  3  :  2  t*  Sometimes  the  crystals  are  six- 
»ded,  and  sometimes  four-sided  prisms,  and  often  ther 
are  implicated  together.     Sometimes  acicular. 


«  Haay,  iii.  r29.-BrochAQt,  ii.  545.— Jtmcmn,  it.  493. 
I  Brocbant,  ii.  AT^'^^'^^uy,  iv.  S9.-^Kimraa,  n.  319.**- J 
495-  I  Jour,  d*  Mitt,  No.  xv.  a8.  and  zsiii.  615. 


'  Colour  dark  blood  red,  passing  mto  light  hjadntk 
*  ^and  brownish  red.  Crystals  longitudinally  streaked. 
£xtern^  lustre  3,  2  ;  of  principal  fracture  4 ;  of  cross 
fracture  3,  2,  adamantine.  Principal  fracture  foliated  j 
cross  fracture  inaperfect  small  conchoidal.  Fragments 
cubical.  Transparency  2.  Sometimes  shows  slender 
columnar  distinct  concretions*  Hard.  Brittle.  Sircak 
pale  yellow  or  orange  yellow,  Frangibility  4*  Spe- 
cific gravity  from  i*i8  *  to  4" 249 9  f.  Not  aflfected  by  , 
the  mineral  acids.  When  fused  with  carbonate  of  pot- 
9sb»  and  diluted  with  water,  a  white  powder  prccip!- 
Iate5,  heavier  than  the  one  employed*  Before  the 
blow-pipe  it  does  not  melt,  but  becomes  opaque  and 
brown.  With  microcosmic  salt  it  forms  a  globule  of 
glass,  which  appears  black ;  bbt  its  fragments  are  violet. 
With  borax  it  forms  a  deep  yellow  glass  with  a  tint  of 
brown ;  with  soda  it  divides  and  mixes,  but  does  nol 
form  a  traosparent  glass. 

5^.  4.     Ntgrine  %, 

This  species,  like  menachauice^  is  found  to  the  allu- 
vial formation.  It  occurs  in  Transylvania,  Siberia, 
Ceylon,  &c«  Colour  dark  browni&h  bhck,  passing 
into  velvet  black.  In  larger  and  smaller  angular  grains 
and  rolled  pieces*  External  lustre  2  \  internal  2p  ada. 
mantine.  Principal  fracture  imperfect  straight  foliated ; 
cross  fracture  flat  imperfect  conchoidal.  FragmeDts  in- 
determinate,  sharp-edged.  OpaqiM:.  Seauiiard.  Brtt- 
lie.  Streak  yellowish  brown.  Specific  fravHy  4*445 
to4'€73{«^    Not  attracted  bjr  the  magiket,     Infiuibte 


•  KUprotk. 

t  JuaciOQ,  II.  499^ 


I  Vaa^elifi  aoJ  Hecht* 
{ Xbppotli  tod  Lowhi. 
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bcforr  the  blow^ptpe. 
cinth  red  bead. 


With  borax  mdu  into  a  hju 


Sf*  S«     Brown  Ore  *^^TitamU~^^/*hiMt^^RmitiiU^ 

This  ore  has  hitherto  becti  foond  only  nctr  ftii 
in  Bavaria^  and  at  Aretidaal  in  Norway^  and  ncai 
Gothard*  It  was  discovered  by  professor  Hunger.  It 
is  sometimes  disseminated^  but  more  commonly  cnn> 
taltiied  in  four^sidcd  pri&ms,  not  lon/^er  ihsm  ooe-t 
of  an  inch.     Primitive  form  a  rhomboida!  pritm* 

Colour  reddish^  ycllowiih,  or  blackish  brown. 
and  powder  gvcy.  Lustre  of  crystals  3  ;  of  crosi  i 
lure  1»  0  ;  of  longitudAal  fracture  2*  Fracmre 
form  radiated  ;  sometimes  straight  foliated.  Cross  fric- 
ture  flat  conchoidaL  Fragments  indeterminate  ^  tenae. 
times  inclining  to  rhomboidal.  Usually  in  coarse  ad 
longish  granular  distinct  concretions.  Tnmspartscy  ^ 
0.  Hard*  Brittle.  Frangibility  4.  Specific  j 
3*510.  Muriatic  acid^  by  repeated  digestion,  dissolv 
one*third  of  it.  Ammonia  precipitates  from  iKiJ 
lion  a  clammy  yellowish  substance.  Infusible  by  ihc 
blow.pipe,  and  also  in  a  clay  crucible  |  but  in  cbaroool 
is  converted  into  a  black  opaque  porons  slag. 

This  mmeral  has  been  found  in  the  aand  of  ai 
fiver  in  Bohemia  called  lar.  It  is  in  the  state  of  i 
angular  grains  and  rolled  pieces.  Colour  troo  black, 
bordering  on  brown.  Internal  lustre  2,  acmifDetaUic. 
Fracture  conchoidal.  Opaque.  Uaid.  Bfitlle.  Streak 
iimiiar.     Specific  gravity  4'5- 


•  Rlnrsiif  il  J31 — Brochmt,  ii.  474*— Hauy,  if,  jo^^a; 
.  1x6.  t  firockaait  iL  478w^JaiiieiQBp  ii.  jos. 
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BookllL 

>^^^"'  Oeder  XXIII..  ORES  OF  COLUMBIUM. 

As  only  a  single  specimen  of  the  mineral  from  which 
columbium  was  extracted  is  at  present  known,  thac 
are,  propcrlj  speaking,  no  ores  of  this  moul ;  thoogh 
it  is  very  likcl/  that  thej  will  be  met  with  in  North 
America. 

Genvs  I.    Oxides. 

Sp.  1.     Columbite. 

The  only  known  specimen  of  this  mineral  is  depog. 
ted  in  the  British  Museum.  It  is  massive.  Colov 
deep  brownish  black  ;  internally  irori  grey.  Lustre  3, 
glassy,  passing  into  the  metallic.  Longitudinal  &io- 
ture  foliated  ;  transverse  fine-grained  uneven.  Ntt 
very  hard.  Brittle.  0|iaque.  Streak  chocolate  hrovm. 
Specific  gravity  5*91$.  .  Does  not  aflfect  the  nigsetic 
needle.  Composed  of  78  columbic  oxide 
21  oxide  of  iron 

90 

Kielman  has,  more  than  a'  year  ago,  ^announced  the 
discovery  of  columbite  in  Switzerland  by  Meyer 'j 
but  no  precise  account  of  this  ore  has  yet  reached  this 
country.  Ekeberg,  from  a  set  of  experiments,  which 
be  says  he  made  on  purpose,  has  been  led  to  suspect 
that  columbite  may  be  a  variety  of  wolfram  ;  but  both 
the  characters  of  the  miileral,  and  the  result  of  Hatchett's 
analysis,  are  against  this  conclusion  f. 


«  GcLlrn*!  Jwr.  t.  349*  f  Ibid.  p.  J4IL 


TAHTALItl&— ^ITTEOTAlfTALITE. 

OmerXxiv.  ores  of  tantalum. 

i*ANtALUtl  has  hitherto  been  found  only  in  Sweden, 
'and  in  small  quantities.  It  has  occured  in  the  state  o£ 
i  oxide  variously  comiined-  Dr  Wollastoti  has  lately 
sscertaioed  that  it  is  identic  with  columbium*  But  till 
the  following  species  be  more  accurately  described^  it 
I  :ifoiild  be  hazardous  to  give  them  new  names.  I  have 
therefore  allowed  them  to  renmn  for  the  preteot  ai 
£keberg  placed  them. 
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G£Kt79   I.      O&tfiES* 

Sl>.  1.     TantAlke  •. 

lliis  mineral  has  been  found  in  Finland  tn  the  [>ariih 
I  of  Kimito.  It  has  been  long  known  ;  but  before  the 
Analysis  of  Ekcberg  was  mistaken  for  an  ore  of  tin. 
Found  in  irregular  crystals,  which  seem  to  be  octahe* 
drons.  Colour  between  bluish  grey  and  iron  blade. 
Surface  ^nooth  and  gliramering.  Internal  lustra  3, 
metallic*  Streak  blackish  grey^  approaching  brown. 
Very  hard.  Not  magnetic.  Specific  gravity  7'953. 
Composed  of  the  oxides  of  tantalum,  iron,  and  man« 
ganese. 

Sf,  2 .      TiiriftaniiUiU  f . 

This  mineral  is  found  io  the  same  place  with  gado* 
Unite*  It  is  in  small  kidneyform  masses  of  the  size  of 
a  hade-nut.     Colour  iron  black.     Fracture  uneren. 


^Jm-*4tCbim.'\iU%U 


t  Ibid.  p.  I> 
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•tu  or  ciRioii. 

Lustre  metallic.  Hardness  incensidermblcu  Vmj  ' 
scratchcii  with  a  knife,  and  gives  a  grej*coloarvd  pam» 
der.  Not  magnetic.  Specific  grftvitj  5* ISO.  It  ii 
composed  of  the  oxides  of  taataJam,  iroti,  urmatfin^  nl 
tungsten^  united  to  yttria  •. 

Ordek  XXV.    ORES  OF  CERIUM. 

Of  this  metal  only  one  ore  bia  hitherto  ocomd; 
■ftmely,  cerittf  which  has  been  foond  ooly  in  Swedctu 

GkNUS  I.      OxfOES. 

This  mineral  is  found  in  Ba&mas .  near  KJddirbftls 
in  Westmannlsind.  Colour  between  carmiiie  red,  dose 
brown,  and  reddish  brown.  Massive  and  diaaemtoMd* 
Inrernal  lustre  scarce  1,  resinous.  Fracture  fine  splits 
tery .  Fmgments  indeterminate,  not  remarkaUjr  sliar^ 
edged.  Opaque.  Streak  greyish  white.  Fftwderic^ 
dish  grey.  Semihard.  Brittle.  Specific  gnmty  f'OIML 
Its  constituents^  according  tathe  aoftly^ns  of  Kbfcad^ 
are  as  follows : 

Oxide  of  cerium  * 54*50 

SUica «.•  avSO 

Oxide  of  iron  «•••*..••     S*SO 

«  * 

Water  ••••«..«^. 5*0 

Loss  .*....,«..•.* V2fj 

IQ0*Q 


^  Ikeberg,  <khleD*t  ftvr*  w,  14S. 
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CHAP.  IIL 


OF  COMPOUND  MINERALS* 


.  fi£  minerals  described  in  the  la&t  Chapter  hardly  eveir 

eeiir  insulaled*     They  are  usually  united  together  in 

jttrious  groups,  constituiiDg  the  rcck*i  and  the  soil  of 

rhich  ihc  globe   of  the  earth   is  composedi      These 

roups  are  termed  Csmpoumd  Minerals.    The  study 

t  them  constitutes  geology  or  geognosy ;  one  of  the 

lost  important  branches  ot  philosophy^     It  teaches  us   ceogncnf^ 

le  structure  of  the  giobe,  the  relative  situation  of  the 

ifferent  minerals^  their  comsexion  with  each  other,  anil 

ie  changes  which   they  are  undergoiog»  or  have  un- 

prgone*    II  is  by  numercua  and  skilful  observalioos  a- 

)ne  that  any  progress  can  be  made  in  this  difficult  io^ 

stigatton.     !n  Germany,  mining  has  been  long  an 

»jcct  of  greater  altentton  than  in  any  other  country  i 

of  science  have  been  long  employed  to  superintend 

mines,  and  exact  records  ha^e  be^n  kept  of  every 

ling  that  occurred*     Ft  is  in  that  country,  accordingly, 

the   greatest   number  of  observations  have   been 

,  and  the  matcnaU  collected,  for  raising  geology 

It  i  icnce.      The  difficult  task   has  been 

;  Lf,  l!je  celebrateii  Professor  of  Mi-    Getjcr^t- 
,  uho  has  generalized  his  own  ob-    Wcmcr 
L  ] 


# 
serrations,  and  those  of  hit  predecessors,  wttb  thn  mat 

cxquUiic  iikilly  and  constructed  » theory  which  hiseia«I 

uuivcrfial  attention.    To  the  branch  of  scte&ce  iwhidk 

has  thus  created  he   has  given  the   name  of  gt^^f. 

Hitherto  Weroer^s  theory  has  been  detailed  oqIj  bb 

lectures.    No  intelligible  account  of  it,  so  fmr  as  1  kooi^ 

has  been  published  on  the  contioeot*    BuU  >&  thiseas* 

try,  wc  arc  indebted  to  Professor  Jamesoa   for  a  vi^ 

full  atid  excellent  treatise  on  the  subjcctt  under  the  titk 

of  Elements  of  Geognosy,     It  wai   published  in  UU, 

and  constitutes  the  third  volume  of  his  Mmirakfy\ 

RESPECTING  the  strucMtreof  the  internal  parti cftk 
earthy  we  haire  no  direct  means  of  infonnatiaa ;  bii 
towards  the  superficies,  this  structure  tslaad  ofMalsav 


a  To  cto  iiitportim  work  1  eammJjr  recommnsd  dK  msmbm  4 
efery  mtocnUogiM.  It  conuuiA  i  iudcpeB<l«at  of  cb«  eJ^mtf  dWat^) 
s  vm  mdw  of  inforniaticto  of  the  uimott  ionae^uciKc,  wult  •ha^  naf 
tnineTtlf>^Mt  ought  to  bf  icquuiiced.  llie  ftketcb  ia  tlic  azmkBi|)k 
ofiljr  ft  vrty  •liort  Atirklgmcet,  itai  detiitod  m  b  €amaimtmwNk  ik» 
tort  of  thff  pfcactit  work  I  was  in«!fbtcd  to  l^roleiMir  l»amm$m^ 
whole  of  the  nuterwU  out  of  wbuh  tt  wst  fonnetL 

There  J*  ftiioiher  g^eologkal  theory,  m  Hunc  BicaMre  tic  efpwiairf 
ifiir  of  Werner,  contrived  with  mui  h  {ngeotihy  snd  agidiTt  W  *  aa 
of  iiDdoubted  gettiot,  which  if  w«Il  known  in  thi*  coiisir^  maAa  4t 
osme  of  thtf  Hutt9itttt/i  t^ry,  JtttiAf  ^eaii  »t  6rtt  uigliK  siligaiiirtllMtlPi 
taktn  no  nocice  of  thit  theory  in  th«  tett,  cvpvclilly  alter  iheeiava 
cxpcrimctiti  of  Sir  Jama  Hiill,  cquftlly  uaotpectcd  mnd  «iBf«rlii^ai 
thr  i;rf^At  miia  of  /'j^/j  «W  HU^tr*)f*nt  brnuglit  forw^J  to  tayipanrf 
It  with  tuch  rxijuiilte  Rft  and  elrqnrnce  bj  Profs^or  V\xjf^t.  Bitflf 
cnmtnttino  of  rhii  theory  wrmM  htve  beet]  for^gn  m  tjbe  mmbi  Oi^ 
ier»  II  r£  refers  nvit  to  moch  to  the  ftiiu4tioa  of  rhr  ir<M|iiiMnl  nlM^ 
a»  to  their  arigin  >i  f»rm^ti^  i  a  «ut>iect  whiiii  tituit  €f  MCeaiinp  he  Ifp 
thetkal.  Bud  n^ga  whid>  th«rrforc  1  doOi>i  totch. 
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Tiew  by  rvvineSf  rivers,  mioet,  fee.     Obspmiioni'  on   P^^  ^ 

'  thete  a&rd  the  only  means  of  leatDing  th«  structare  of 
the  eaitb*  They  conttitute  the  found&tiODs  of  geog* 
nosy,  the  ground  work  from  which  all  the  conclusions 
of  that  science  are  deduced.  The  stony  masses  of  which  Rocks, 
the  earth,  as  far  as  we  kDOwlt,  is^omposed,  are  some- 
times simpUt  or  composed  of  some  one  of  the  minerals 
descrihed  in  the  preceding  Chapter  ;  as,  for  example^ 
Kme^stone,  serpentine^  quartz  :  But  more  frequently 
they  arc  compound,  or  composed  of  two  or  more  simple 
minerals  variously  mixed  and  united  together  ;  as  gra-^ 
miie,  which  is  composed  ol  quarts,  feispar^  and  mica. 

These  atony  cnaases^  orrori/,  arenumerous,  and  they 
are  found  in  the  earth  laid  one  above  another ;  so  that  a   Follow  ^ 

'  rock  of  one  kind  of  stone  is  covered  by  another  species   ^^^" 
of  rock,  and  this  by  a  third,  and  so  on,     Now  in  this 
superposition  of  rocks  it  has  been  observed,  that  thdr 

'  aituatioQ  is  not  arbitrary  ;  every  one  occupies  a  deter- 
minate place,  so  that  they  follow  each  other  in   regular 

-oirder  from  the  deepest  pan  of  the  earth's  crusty  which 
has  been  examined,  to  the  very  surface.      Thus  there 

.are  two  things  respecting  rocks  which  claim  our  atten- 
tion ;  namely,  their  composition,  and  their  relative  si'i- 
toation.     But  besides  the  rocks  which  constitute  al- 

» siost  the  whole  of  the  earth's  crust,  there  are  masses 
vhich  must  also  be  considered.  These  traverse  the 
rocks  in  a  different  direction,  and  are  known  by  the 
name  of  veim,  as  if  the  rocks  had  split  asander  in  di& 
fcrent  places  from  top  to  bottom,  and  the  chasm  had 
been  afterwards  filled  up  with  the  matter  which  consti- 
tutes the  vein. 

Thus  it  appears,  that  when  we  consider  compound  Arrange 
minerals,  or  rocks,  the  subject  naturally  divides  itself 

LU 
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COMPOUND  MnrXKAX.9. 

into  three  pirts  ;  namelj,  1.  The  stracture  of  roda*, 
2.  The  situation  of  rocks ;  3.  Veins.  These  lU 
form  the  subject  of  the  three  foUowiog  Sectioos. 


SECT.  I. 


OF  TUS  STRUG TU&£  OT  ROCICS. 

Rocks  may  be  divided  into  two  classes ;  viz. 

I.  Simple,  or  composed  of  one  mineral  sabstaoce. 

IL  Compound,  or  composed  of  more  than  one  ni- 
neral  substance. 
Compound  rocks  are  of  two  kinds  ;  namelj, 

I.  Cemented  ;  composed  of  grains  agglutinated  by  a 
cement,  as  sand'Stone* 

IL  Aggregated;  composed  of  parts  connected  toge- 
ther  without  a  cement,  as  granite, 

Tlie  aggregated  rocks  are  likewise  of  two  kinds ; 
namely, 

I.  Indeterminate. 

Only  one  instance  of  this  kind  of  aggregation  ha 
hitherto  occurred,  namely  in  the  older  serpentim^  whoe 
limestone  and  serpentine  are  soconjoioed,  that  it  isdi^ 
ficult  to  say  which  predominates. 

II.  Determinate. 

The  determinate  are  either,  I.  Single  aggregated; 
or,  II.  Double  aggregated. 

There  are  four  kinds  of  single  aggregated  rodu; 
namely. 
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Granular ;   composed   of  grains  ivhose   length.     Chap.  HI. 
breadth^  and   thickness  are  nearly  aJikCy   and 
which  are  of  conttiDporaneoos  formation.     As 
granitic  dtniti* 

Slaty  i  composfd  of  plates  laid  above  each  other  ; 
as  mica  slate, 

Porphyritic;  composed  of  a  compact  ground,  con- 
taining in  it  crystals  which  appear  to  have  been 
deposited  at  the  time  the  rock  was  formed  ;  as 
common  porphyry^ 

Amygdaloidal  ;  composed  of  a  compact  ground, 
containing  in  it  vesicles  which  appear  to   have 
been  afterwards  filled  up  ;  as  amygdaloid. 
bcrc  arc  five  kinds  of  double   aggregated   rocks  ; 
imcly, 
1 .  Granular  slaty  ;  composed  of  slaty  masses  laid 
on  each  other.     Kvery  individual  slate  is  com. 
posed  of  grains  cohering  together  ;  or  it  is  slaty 
\n   the  great,   and    granular  in  the   small ;  as 
gmiu, 

^.  Slaty  granular  ;  composed  of  large  granular  masses 
cohering  together  j  each  grain  is  composed  of 
plates  ;  or  the  rock  is  granular  in  the  great^  and 
slaty  in  the  small  ;  as  topaz  reck. 

Granular  porphyriiic  ;  granular  in  ihcsmaU,  and 
porphyritic  in  the  great  ;  as  granite^  greenstone 
frequently - 

Slaty  porphyritic ;  slaty  in  the  small,  porphyri- 
tic in  the  great  ;  as  mica  slate  frequently, 

porphyritic  and  amygdaloidal  \  a  mass  porphyriii 
lie  and   smygdatoidal   at   the   same   time;   aa 
amygdaloid  and  basalt  frequently, 
icb  are  the  diilererit  kinds  of  structures  of  rocks 
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BooV  m.    hitherto  observed  ftnd  described.     The  following  Talk 

^    '  will  give  the  retder  a  synoptical  view  of  these  dils. 

ent  kinds  of  structure  : 

Tmbkof       I,  Simple  rocks 
tore  of         II.  Compound  rocks 
''^^^  A.  Cemented 

B.  Aggregated 

a.  Indeterminate 

b.  Determinate 

I.  Single 

1.  Granular  < 

2.  Slaty 

3.  Porphyritic 

4.  Amygdaloidal 

II.  Double 
1.  Granular  slaty 
2*  Slaty  granular 

3.  Granular  porphyritic 

4.  Slaty  porphyritic 

5.  Porphyritic  and  arojgdaloidal 


SECT,  II. 

OF  THE  RELATIVE  SITUATION  OF  ROCKS. 

1  HE  rocky  masses,  or  rocks,  hitherto  observed,  i 
to  about  sixty.  Of  these  rocks,  Tariously  placed  oftf 
each  other,  the  whole  crust  of  the  earth  ia  composed,  to 
the  greatest  depth  that  the  indostrj  of  man  has  btei 
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zhle  to  penelrate.  Now  these  rockf^  with  respea  to  Ch»p,  lit 
each  ether,  occupy  a  determioate  situation,  lA^hich  holdi 
invariably  io  every  part  of  the  earth.  Thus  Jime-sione 
is  nowhere  found  undtr  granite,  but  alwaya  adovf  it. 
Wert  wc  to  suppose  every  pa/ticular  rock,  or  iayir^ 
which  constitutes  a  part  of  the  earth's  stirface  to  be  ex- 
tended round  the  whole  earth,  and  to  be  wrapped  round 
the  central  nucleus,  like  the  coat  of  an  onion,  in  that 

le  every  rock  would  occupy  a  determinate  place  i 
<iDe  species  would  be  always  lowest  or  nearest  the 
centre  ;  another  species  would  uniformly  rest  upon  this 
£rst ;  a  third  upon  the  second,  and  so  on*  Now,  though 
tbe  rocks  do  not  in  reality  extend  round  the  earth  in  this 
lininterrupted  manner ;  though,  partly  from  the  inequality 
of  the  nucleus  on  which  they  rest,  partly  from  their  ow» 
inequalityof  thickness  indifferent  places,  and  partly  from 
other  causes,  the  continuity  is  often  interrupted  j  yet  stilj 
^e  ctn  trace  enough  of  it  to  convince  us  that  the  rocka 
■which  constitute  the  earth's  crust,  considered  in  a  great 
tcade,  are  every  where  the  same,  and  that  they  mvari* 
mbly  occupy  the  same  situation  with  respect  to  each 
other.  Werner  has  therefore  chosen  this  relative  si- 
tuation as  the  basis  of  his  classification  of  rocks.  He 
divides  them  into  five  Classes*  The  first  Class  con* 
■ttsts  of  those  rocks  which,  if  we  were  to  suppose  each 
"laiyfT  to  be  ejctended  over  the  whole  earth,  would  in 
that  case  lie  lowest,  or  nearest  the  centre  of  all  the  rocks 
^hich  we  know,  and  be  covered  by  all  the  other  rocks. 
The  second  Class  consists  of  those  rocks  which  in  that 

ae  would  be  immediately  above  the  first  elftss,  and 
cover  them.  The  third  Class  would  cover  the  second 
in  the  same  manner ;  the  fourth  the  third ;  and  the 
fifth  would  be  uppermost  of  all^  and  consVtute  the  im* 
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Book  m.  mediate  surface  of  the  earth.  The  fir»t  dasi  of  rocb 
are  covered  bj  all  the  rest,  but  never  themselves  iii 
ovet  any  other.  The  others  Ire  in  order  over  each  mber. 
These  grand  classes  of  rocks  he  has  denominated  /sr. 
mationSf  and  distinguishe4  them  by  the  following  sp^. 
cific  names : 

^JT^^  I'  Primitive  formMions 

II.  Transition  formations 
HI.  Floetz  formations 

IV.  Alluvial  formations 

V.  Volcanic 

The  primitive  formations  are  of  course  the  lowest  •( 
tlU  and  the  alluvial  constitute  the  very  surface  of  the 
earth  ;  for  the  volcanic,  as  is  obvious,  are  coDfiocd  to 
particular  points.  Not  that  the  primitive  are  ilirajs 
Rt  a  gre^t  depth  under  the  surface,  very  ofien  tbey  trc 
at  the  surface,  or  even  constitute  mountains.  lo  ndi 
cases,  the  other  classes  of  formations  are  wanting  alio* 
gether.  In  like  manner  the  transition,  and  other  for. 
mations,  may  each  in  its  turn  occupy  the  surface,  or  con. 
^titute  the  mass  of  a  mountain.  In  such  cases,  all  the 
subsequent  formations  which  ought  to  cover  them  are 
ivanting  in  that  particular  spot. 

Each  of  these  grand  classes  of  formations  ccna&tsof 
a  greater  or  smaller  number  of  rocks,  vrhich  occapji 
determinate  position  with  respect  to  each  other,  lad 
V^hich,  like  the  great  formations  themselves,  majofta 
\}e  wanting  in  particular  places.  Let  us  take  a  viewcf 
th^  iock9  which  compose  all  these  different  formatio&% 


FRIHtTZVl  roRMATfOKI. 


CLASS  I- 
PRIMITIVE  FORMATIONS. 


,  BC  rocks  which  constitute  the  primiiive  furmalions 
;ircvery  numerous.  Thejr  have  been  divided  therefore 
into  seven  sets;  which  constitute  as  manj  primitive  for- 
mationsi  and  are  distinguished  each  b^  the  name  of  that 
particular  rock  which  constitutes  the  greatest  propor- 
tion of  the  formation.  These  seven  sets  of  priniitive 
formations  are  the  following  : 


Granite 
Gneiss 

3,  Mica-slate 

4.  Clay-slate 


C  5.  Newest  primitive  porphyry     Principal 
2.6.  Sicnile  formations. 

7,  Newer  serpentine. 


The  granite  is  the  nndertnost,  and  the  sienite  the  up- 
permost of  the  primitive  formaiions.    Granite  is  scarce-   §^^^^^^^.^5^ 
Jy  miiced  with  any  other  rock ;   but  in  gneiss,  mica-   wtc. 
slate,  and  clay-slate,  there  occur  icdj  ♦  of  old  porphyry , 


•  When  a  mounuin  h  cotnpoied  of  Uytn  of  the  ttme  kiod  of  ttmit^ 
f<~    k  u  laid  to  ti«  iir**\^t^i  Hut  «ihcn  the  iayen  are  dl  Sfftttmi  kiodiof 
KQQe^  it  ia  aatd  to  l>c  complied  of  btJt, 
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Booltnt    primitive    trap^    primitive    &me*sim^    mtd  nrpmm^ 
^  fuartsi  racH.     For  that  reftson^  these  rocks  arr  iftid  n 

constitute  formmiions  lubenknait  to  gncm^  Tnir*»tlrt^ 
and  clay-slate.  Gjpsucn  occurs  in  beds  in  "*'^"*-Tltt%; 
and  old  flint- slate  occurs  in  the  same  wmy  in  dafolili. 
Hence  thcj  consdtttie  foroiatioiia  subordinate  lo  nici 
and  cla/  slate.  Thus,  beiides  the  seven  |>rinc»pai  jai* 
mitive  formationt,  there  occur  aevca  subotdiiiite  hi* 
mattons,  interspersed  through  the  second,  thirds  at 
fourth  formations  i  and  iopaz  roeM^  which  liesovci 
gneiss  and  under  claj-slate,  mu%t  be  added  to  tlic  bits 
so  that  the  primitive  formations  altogether  aafifiliit to 
fifteen. 

If  we  suppose  the  nucleus  of  the  earth  to  hive  htt^ 
first  formed^  and  the  fonnattons  to  have  been  aftenrtnb 
aa«cm  deposited  in  succession  upon  thtt  nucleoSf  it  mill  foBov 
^^  that  the  lowest  formation  is  the  oldest,  and  (hat  At 

formations  are  newer  and  newer  according  as  tlkij  nw 
proach  the  surface.  This  supposition  aoeoemi  fcr 
some  of  the  names  given  lo  the  primitive  fomaboni, 
That  porphyry,  for  example,  is  considered  astkeoMeit 
which  lies  lowest  down  in  the  series  of  formatiosi^  «i 
those  formations  of  porphyry  which  lie  nearer  thrwr- 
face  arc  considered  as  newer.  Granite,  of  coonef  ac- 
cording to  iliis  way  of  speaking,  is  the  oldest  fomuMi 
of  all,  while  the  alluvial  are  the  newest  of  all*  Tlie 
following  Table  exhibits  a  synoptical  view  of  ibaj 
mitive  formations : 
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"  6.  OMer  porphyry 
7>  Primitive  trap 
8.  Primitive  lime-stone 
4     P*  Older  serpeutine 
JO.  Quarts 
11*  Gypsuoi 
.12.  Older  flint-slate 
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^t  US  consider  each  of  them  in  the  order  of  the  forma- 
tions. 

1.     Granite* 

Granite  ^  is  the  lowest  of  all  the  formatioDSy  and  the 

upon  which  the  others  rest.  It  ii  composed  of  compoii- 
Zhpar^  ipiart%^  and  mica  ;  each  in  a  crystallized  state^  ^^'"^ 
and  cohering  together  without  any  cement.  The  fel- 
flptr  is  usually  the  roost  ahundant  ingredient,  and  the 
mica  the  smallest  in  quantity.  The  colour  of  the 
quartx  and  mica  is  usually  grey  ^  hut  the  felspar  has  a 
considerahle  variety  of  colours,  occurring  in  different 
ahades  of  white,  g'^^Jf  f^»  ^^  green.      The  si^e  of 


*  ProfetKir  Jtmeton  idfonnv  iii»  tbat  the  word  gmHs  wu  fint  uted 
hf  Toumforte  m  his  Voyage  to  the  Levixit,  publiibed  in  1699*  Bitt  the 
word  occun  in  the  rcgisccf  of  the  Roytl  Society  m  ht  back  at  i66ss 
where  it  is  mentioned  that  Mr  Winthrop  exhibiud  m  piece  oS  t  rock  off 
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Book  III.    the  constituents  of  granite  varies  considcrablj.     Som^ 
'  times  the  grains  are  very  large,  and  sometimes  thcj  are 

so  small  that  the  granite  has  the  appearance  of  a  sand- 
stone. Sometimes  it  is  porphyritic^  l^^ge  crystals  of 
felspar  occurring  in  a  basis  of  fine-grained  granite. 
Sometimes  this  rock  is  distinctly  stratified,  but  in  other 
cases  no  stratification  can  be  perceived.  The  unstrati* 
fied  or  massive  granite  is  frequently  composed  of  large 
globular  masses,  each  of  which  is  composed  of  concn. 
trie  lamellar  distinct  concretions.  The  intervals  be- 
tween these  balls  consist  of  a  softer  granite,  subject  to 
crumble  down  when  exposed  to  the  action  of  tbe 
weather. 

Porngnml-  Besides  the  three  constituents  of  which  granite  eneo- 
tially  consists,  other  crystallized  minerals  occa^ioaall^ 
occur  in  it,  though  only  in  small  quant  slices.  Tbeie 
crystals  arc  chiefly  of  schorl ;  »omecimes  garnH  andfti. 
stone. 

Granite  vtxy  seldom  contains  among  its  strata  beds 
of  any  foreign  rock.  Beds  of  feKpar  alone  haveocca- 
sionally  been  observed  in  it.  It  is  not  so  rich  lo  orei 
as  some  ot  the  oiht  r  formvitions.  Tin  and  iron  arc  the 
metals  which  are  most  abundant  in  it.  Hitherto  mo- 
lybdena  has  bee;)  found  chiefly  m  granite.  It  cootaint 
also  silver,  copper,  lead,  bismuth,  an>enic,  cobalt,  tung- 
sten, and  titanium. 

Newer  en-        Besides  the  great  granite  formalion   which   has  been 

"i»c  just  described,  Werner  has  discovered  a  second;  whid 

is  supposed  to  occur  nearly  in  the  same  geognostic  si- 
tuation  as  porphyry  and  sienite.  The  granite  veins 
which  traverse  gneiss,  mica-slate,  and  clay-slate,  be- 
long  to  this  formation.  There  are  several  particulari* 
ties  by  which  this  newer  granite  may  be  distinguisbd 
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from  tbe  other.     It  usually  occurs  in  a  lower  level;  it     t^^ltt 
has  commonly  a  deep  red  coloux  ;  conuius  garnets  ;  and 

,  not  porph jfttic* 
Whco  granite  is  not  covered  by  any  other  formation, 

.forms  higli  insulated  clifla  and  sleep  rugged  rocks- 

2.  Gams. 

Gaeiss  *  is  the  formation  which  lies  Immediately  over 
granite^  and  into  which  indeed  it  gradually  passes. 
Gneiss  consists  of  the  same  constituents  as  granite  i  C<wni»M- 
liamely^  feUparj  quartz,  and  mica  ;  but  it  differs  in  its 
"structure,  being  disposed  into  slates  from  the  prevalence 
of  the  mica.  The  texture  of  the  individual  slates  is 
granular*  Hence  the  structure  of  gneiss  is  granular 
siffiy.  Gneiss  is  always  distinctly  stratified.  It  lOiD^- 
tunes  contains  crystals  of  schorl  j  but  they  arc  smaller 
and  much  more  uncommon  than  in  granite.  Tourma- 
line is  mare  common^  and  so  likewise  Is  garnet.  It 
contains  in  !t  many  foreign  beds,  which  is  noc  the  case 
with  granite.  Beds  of  three  of  the  first  six  subordinate 
formations  arc  found  in  it.  It  is,  perhaps,  richer  in 
metallic  ores  than  any  other  formation.  Almost  every 
metal  occurs  in  it,  either  in  beds  or  veins. 

When  gneiss  is  not  covered  by  any  other  formation, 
it  forms  round*ba&ked  mountains,   and  likewise  crags  ; 
^  but  less  steep   and  insulated  than   those  composed  of 
granite. 


Fora^ini- 
nerak 


•  The  word  gntitt  it  of  Saioo  oH^iti,  atjd  wa»  applJcd  by  the  miiicr^ 
t9  ihc  dccompoted  rone  whkh  fofmi  the  w^Ut  of  vciuft.  Wtrncr  6riC 
g«vc  it  the   mciiart£  lyhich   it  now  bear».      Sec  Jaroewn'i  Ce^n«iy^ 
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3.  Mi€a-Siai€* 


OCTftk 


Corapre- 
hends  t  Tl* 
ri«y  of 


The  formation  which  \\e%  immcdiatclj  ofer  gidi^ 
and  into  which  it  insensibly  passes^  is  finca*Mtai9*  TWi 
rock,  like  the  precedingp  is  compoutid^  and  eoiBfwrf 
essentially  of  quartz  and  mica.  Like  gneiss  it  is  Uicjr, 
but  it  differs  from  that  rock  in  cootaintfig  no  khpx. 
It  is  always  stratified.  It  verjr  freqacntly  tmxam 
garnet  crystals  in  considerable  c^oantity,  so  as  ti>  pic 
it  a  porphyritic  appearance.  Its  structure  is  thea  dbtf 
porphyritic.  It  sometimes  also  can tains  cryitili  ef 
tourmaline,  cyanitCi  and  granatite*  Felspar  hkmm 
occurs  in  it  occasionally  \  not,  however,  as  a  tnsti* 
tuentf  but  in  kidney  form  and  irregular  maaiea^  Lb 
gneiss^  it  contains  many  foreign  beds  (older  porphTT^, 
primitive  trap,  ptimiiivc  lime*stoi»e|  older  serpefmoe^ 
and  gypsum,  occur  in  it).  It  b  ricli  in  ores  |  cootim* 
ing  beds  of  magnetic  iron-stone,  pyrites^  galena,  c^ppa 
pyrites  (containing  gold),  blende,  cinnabar,  coUlt 
glance,  magnetic  pyrites,  and  sometimes  erea  u&u 
gold.     It  abounds  also  in  metalliferous  veins* 

Mtca-slate  gradually  passes  into  clay- slate,  the  fsr. 
mation  immediately  over  it.  Claj-slate  coniists  eecn* 
tislly  of  the  mineral  described  in  the  preceding  Chif- 
tcr  under  that  name.  This  rock  is  always  slsty  ui 
always  stratified.  When  it  approaches,  mtca-slia, 
grains  of  quaru^  and  also  of  mica,  may  be  distiogBtsM 
in  it.  Occasionally  also  it  contains  crystals  of  felipirr 
schorl,  tourmaline,  garnet,  and  hornblende. 

Under  the  name  of  clay^slatt  formation  is  inclodd 
not  only  clay-slate,  strictly  so  called,  but  likewise  iki^ 
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rk^^laUp  ialc^iaU,  wbgi-ilau^  drawing-slait,  and  aium" 
[jblf ;  all  of  which  occur  along  with  pure  €Uy*slaie, 
^  are  similarly  stratified^  and  gradually  pass  into  it  and 
into  each  other,  and  therefore  are  con&idered  as  only 
con stitu till g  a  part  of  the  same  formation  :  Bui  these 
substances  affect  a  particular  order.  The  following 
Tabic  exhibits  that  order^  beginning  with  the  lowesi 
ftt  oldest,  as  it  is  called^  and  ccrminatiog  with  the  upper- 
most or  newest ; 
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I,  Light  yellowish  grey  clay-slate 
2*  Dark  grey  clay*- slate 

3.  Green  clay  .slate 

4.  Chloiite  slate  and  potstone 

5.  Talc-slate 

6.  Whet.slate 

7.  Bluish  grey  clay-slate 
8*  Red  clay- slate 

9.  Drawing-slate 
10.  AIum*slate, 


Their  rdk- 
live  pDiH 


Besides  these  difiTerent  beds»  which  are  considered  as  Foreign  mi- 
constituting  the  clay  •slate  formation^  it  contains  also  ^^^^ 
beds  of  all  the  eight  subordinate  formations.  It  con- 
tains abo  a  considerable  number  of  metallic  ores  la 
beds ;  as  iron  pyrites,  copper  pyrites,  arsenic  pyrites, 
cobalt,  galena,  Sec.  It  contains  also  a  variety  of  mi« 
neral  veins. 


Having  now  described  the  four  first  primitive  forma* 
lions,  let  us  proceed  to  the  subordinate  formations; 
taking  topaz  rock  along  with  them,  on  account  of  its 
rarity.     These  are  the  older  porphjjry,  primitive  trap, 
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Bookm.    primitive  lime-stone,  older  serpentine,  qntiiz,  toftf 
rock,  gjpsum,  and  primitive  fliDt-^slate.- 

5.  Oltkr  Porphyry^ 

Bj  porphyry,  at  defined  by  Weracr^  is  to  be  oodcr. 
stood  a  rock  consisting  of  a  basis  or  groand  of  sow 
eompact  mineral,  and  in  this  ground  are  interspend 
crystals  of  some  other  mineral.  The  ground  or  btai 
varies  In  different  porphyries.  Sometimes  it  is  cby. 
stone,  sometimes  pitch-stone,  &c.  ;  and  the  porpbjij 
.  peciet.  J  J  Darned  from  this  basis.  The  following  are  the  ipcdei 
of  porphyry  that  have  been  described  : 

1.  Clay  porphyry  5.  Sienite  porpbyrj 

2.  Horn- stone  porphyry  6.  Obsidian  porpbjiy 

3.  Felspar  porphyry  7*  Pearl-stone  porpbjrj« 

4.  Pitch-stone  porphry 

The  crystals  interspersed  through  the  difimit  Inucs 
are  commonly  felspar,  sometimes  quartz,  tnd  some- 
times hornblende  and  mica  ;  but  the  two   last  sre  un- 
common, especially  the  mica. 
Two  for-  There  are  two  very  diftcrcnt  formations  of  porpbj- 

porph)ry.  ry  :  the  first  is  found  in  beds  in  gneiss,  mica-slate,  and 
clay-slate  ;  whereas  the  second  alwajs  lies  over  all 
these  formations.  Hence  the  first  is  distinguished  bj 
the  name  of  olier^  and  the  second  is  called  Htv>€r  p9» 
phyty.  It  is  the  first  of  these  that  we  are  to  coosidtf 
at  present. 
Older.  The  basis  of  the  older  porphyry  is  usually  a  spcdet 

of  Ifonustone,  and  sometimes  felspar  ;  and  the  crystals 
which  occur  in  it  are  felspar  and  quartz.  Hence  the 
older  porphyry  consists  chitfly  of  bom^ione  forfhyrj, 
and  felspar  porphyry.     When  not  covered  by  olhcf 


brmations  it  someumci  forms  siggle  rocks,  but  never    Ch«p.iluB 
mrge  mountains* 

<5i  Primitive  Trap*, 

The  l^ord  trap  ts  Swedish^  dnd  signiftes  a  stair*     li  Definitiak 
applied  by  the  Swedish  ihinet^logists  to  eertaia 
ikcksi  whose  strata  when  exposed,  from  the  one  jutting 
^Qt  under  the  other,  gave  an  appearance  somewhat  like 
1  stair.     The  term  was  adopted  by  other  nations,  and 
pas  applied  indiscriminately  to  a  great  variety  of  rocks^  | 
rbich  bore  a  certain  resemblance  to  each  other.     This 
[cneralization  introduced  much  confusion  into  tJie  sub* 
^ct,  which  was  first  cleared  up  by  Werner  and  his  dis- 
ples.      Under  the  term  traps  Werner  comprehends 
pertain  series  of  rocks,  distinguished  chiefly   by   the 
lomblende,  which  they  all  contain.     In  the  most  an- 
ient, the  hornblende  is  almost  pure :  this  purity  gra* 
iually  dimioishesf  and  in  the   most  recent  traps  the 
lomblende  degenerates  to  a  kind  of  indurated  clay. 
fhcre  arc,  then^  three  formations  of  trap  :   l.  Primitive   Three  ton 
lipj  2.  Transition  trap  I  3.  Floetz  trap.     The  first 
bly  occupies  our  atterition  at  present. 

The  primitive  trap  formation  contains  a  considerable  pfimuf^^, 
mmber  of  rocks  ;  which,  occurring  in  dtJFerent  parts  of 
he  earth  in  similar  situations,  and  as  it  were  substi* 
lited  for  each  other,  are  considered  altogether  as  con* 
lituting  only  one  formation.  The  foliowing  Table 
Bthibiu  a  list  of  the  rocks  belonging  to  this  forma-  w^il^ 
on:  it- 

'  I,  Hornblende 

^B  1.  Granular  or  common  hortibleode 

^^  g*  Hornblende  slate 

{V^L  IV.  Mm. 


U*  Borobl^ide  •ad  feltptr  united 
i.  Granalmr 

1.  CoauBon  green-clone 

2.  Porphyritic  green-itona 
S*  GreciusUHie  porpbjry 
4.  Grcca  porphyry 

ii.  Slaty 

1,  Green^itonc  slate 
III.  Hornbleode  and  micm  united 
1*  Porphyriuc  trap. 

The  first  two  of  these  rocks  consists  esscnttiDy  tj\ 
minerals  dcicrlbed  in  the  last  chapter  under  the  nam 
of  common  bornhltndt  and  bomb/emdi  iiaU,     Thehttn 
sometimes  passes  into  fine  slaty  gneiss  and  itttacMcBiti 
slate. 

Ccmmofi  grten*stoni  h  composed  of  homb!«3 
felspar,  both  In  the  state  of  graifit  or  smnll  crjital^i 
the  hornblende  usually  constitutes  by  f ar  lie  ffeanfllll 
proportion  of  the  mass.  The  felspar  is  atmc^dw^ 
tinged  green  from  the  hornblende.  This  rock  iam» 
times  contains  a  little  mica  ;  sometimes  ii  is  tuttneriel 
by  small  veins  of  quartz  and  actinoUte  ;  and  loaicnM 
also,  though  less  frequently,  of  felspar  and  ctteaitoa 
spar* 

Porphyritic  green'Stom^  like  the  preceding  rock,  ii  t 
compound  of  granular  hornblende  and  felspar ;  bol  it 
contains  likewise  large  crystf^ls  of  felspar  and  qsaiQ, 
interspersed  through  the  green- stone  ground. 

Gnen'jtotu  pcrphyry  (black  porphyry  of  the  ssci* 
quary)  is  a  rock  consisting  of  granular  green-HflKi 
so  small-grained  that  at  first  sight  it  has  the  appcanset 
of  being  a  simple  stone  »  containing  in  it  large  crysub 
of  felspar,  coloured  green  from  bombl^de. 


Greea  porphyry  (the  %erie  antico  serpaktim)  li  ft  rtsck    Chap.  lH. 
nvhicfi  has  for  its  ground  a  miaiture  of  hornblende  and 
felspar,  so  iotimate  that  the  two  ingredients  cannot  be 
distinguished  by  the   naked  eye,  and  having  a  blackish 
green  or  pistachio  green  colmir.     This  trap  contains 

enish  coloured  felspar  crystals,  often  crucifottn, 
rem^stcne  slate  ts  a  rock   composed  of  hornblende 

id  felspar,  and  someticnes  t  little  mica,  and  having  ft 
•laty  texture.  It  is  refy  hard  ;  bui,  like  ihc  other 
ipecies  of  green.stone,  soon  withers  ^hen  exposed  to 
tbe  air. 

pQrphyriiic  trap  is  a  rock  composed  of  an  iiiiimate 

niixtarc  of  hornblende  and  leUpar,  containing  in  it  iarge 

I  plaies  of  aitca,  which  give  it  a  porphyrltic  appearance. 

All  the  rocks  of  tUc  primitive  trap  forniftdon  arc 
characterized  by  containing  a  mixture  df  iron  pyrites. 
Theh-  stratification  i%  indistinct ;  and,  indeed,  if  we  ex- 
cept gretn-stgne  slate  and  hortiblende  slnte,  tisnally  not 
|>erceptiblc.  When  primitive  trap  is  not  covered  by 
sny  other  formation,  it  constitutes  considerable  hills  and 
diffs*     It  abounds  in  ores,  especially  green-stoae  slate. 

1,     Primiiivt  Lime^Siime* 

Lime*stone  occurs  in  ail  the  four  grand  classes  of  for- 
malions,  but  it  assumes  a  peculiar  and  characteristic 
appearance  to  each.  In  the  primitive  it  is  distinctly 
crystalline  and  tianiparent«  The  crystalline  texture 
gradually  become'i  less  and  less  disiincf»  as  the  torma- 
^  tiona  advance,  till  at  last  the  ltiDe*6tooe  assumes  the  ap- 
ptarance  oi  an  earthy  depostie. 

Primitive  lime-stone  occurs  usually  in  beds,  and  sel- 
dom forms  entire  mountains.     Its   colour  is  usually 
irbtte^  sometimes  jit  is  t^^y$  but  very  seldom  assumes 
•  .  M-m2 


I^oreignoii* 


jcmigilL    any  Other  colour.     It  ii  the  speeiet  of  lime-stooe  4&^ 

scribed  in   the   prec:eding    chapter    under    \hc  tui 
of  granular  foliated.       It  somctiroes    coauioi  in 
'o^£  quartx^   mica,   hornblende^   acttiuilite,   gmroefp  trcaa 

litc^  Ulc,  clay-ilate,  serpentine,  asbestas,  blcail^  p. 
lena^  common  and  magnetic  pyrites^  and  rnigneu: 
iron*fttonc.  The  ores  are  ufoally  found  at  the  km 
part  of  the  beds  of  Ume-stone.  Ii  is  sometimes  itnti. 
iiedj  and  sometimes  not.  When  not  coveted  br  9aj 
other  formation^  it  forms  steep  bare  rocka  \  and  wba 
it  cccurs  in  considerable  quantities^  oficn  cootiiiu  a> 
vern»* 

8.     Older  Sirpentim, 

Tl)e  serpcntiae  formation  coatlsts  e&scnruijji 
mineral  described  under  that  name  in  lite  pre 
Cbapter.  Two  subspecies  were  there  deKnbedg 
namel^f  the  common  and  predom  scrpenune.  The  I 
(at  least  chiefly)  constitutes  the  formation  at  prcxslts^ 
be  described.  It  occurs,  like  the  other  subordinate pd* 
mitive  formationsi  in  beds  in  gneiss*  mica,  and  chj* 
slate,  aod  alternates  with  lime- stotie.  It  is  seldom  sin* 
tified.  It  coo  rains  in  it  galens^  and  auriferous  anesie 
pyritei. 

Quartz  occurs  in  beds,  and  in  no  great  quantitf  •  b 
is  usualtj  granular  and  of  a  wliite  colour  ;  soooeiiao 
it  contains  a  mixture  of  mica^  which  gives  it  a  fb^ 
texturt*  It  is  very  often  uostrafificd  i  but  as  it  iboaii 
an  rents^  these  have  often  been  miiiUken  for  Siraia* 

The  rock  which  constitutes  this  fonnatioD  ii  voj 


Tnmtrtvt  formatioks. 
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I,  Tiaving  been  observed  only  in  Saxony,  where  it  ^Chap.  VJ,^ 
ititutes  a  mountain.  There  it  rcsH  on  gneiss,  and 
u  covered  by  clay  .si  ate.  It  ts  composed  of  three  in- 
gredients ;  namely,  jfwe  granular  quartz,  scbor/,  ia 
thin  prismatic  distinct  concretions,  and  topaz  almost 
massivr.  These  arc  arranged  in  thin  layers,  and  these 
^^gain  into  roundish  and  granular  distinct  concretions,  so 
^at  the  rock  is  slatf  granutar.  The  intervals  between 
these  concretions  are  filled  up  with  a  yellowish  or  green- 
ish coloured  lilhomarge. 

11.     Gypsum, 

^Gypsutti  was  formerly  believed  to  be  peculiar  to  the 
fioetz  formations  ;  but  an  immense  bed  of  it  has  lately 
been  discovered  in  Switzerland  in  mica*slate.  This 
primitive  gypsum  is  characterised  by  containing  mica 
«Qd  clay  slate  ** 

L2.     Primkivt  FUni^Siott, 

his  rock  consists  essentially  of  the  mineral  descri- 
Ijcd  in  the  last  Ctiapter,  under  the  name  oi  Jlint-siate, 
It  is  often  traversed  by  veins  of  quartz.  There  are  two 
formations  of  it ;  namely,  the  primithe^  which  occurs  In 
beds  in  clay-slate,  and  another  which  belongs  to  th'? 
ttausiuoa  formations. 

Having  now  descubed  the  eight  formations  which 
^»rc  subordinate  to  gneiss,  mica,  and  c]ay*&ktcs.  Jet  us 
{>roceed  to  the  remaining  primitive  formations,  which 


*  It  vns  fkT^  ol>5£TYod  hj  Freisleben  »t  the  bnttom  ef  St  Gothard. 
D*AubutSion  ob»crved  a  bed  of  it  io  mica-!*1ate  m  a  mottritaui  betwciCQ 
ibc  villfi7  of  Cogne  md  Fenii  m  tbe  High  Alpi.   /nrn  dt  Pfyi,  Uv.  4031 


9\w^y%  cover  cUy-sUte,  tnd  5trp  f**— ^'-''-- 

as  newrr  tluu  lU     Thc&e  are  the  rv 

phf  r^p  sicnUCf  aod  the  newer  terpen  tine* 

13  <     Nfwer  Porphyry, 
Tck  ibis   fori0aiioo  belong  ibe  following  sp€ci^|(. 

oisidiati  porphyry,  pear i^ ton f  for fiByrjt,  and  loa 
fiUpar  p^p^ytj^  Clay  porphyry  i»  bjr  far  (be 
common.  To  this  formation  tlso  beloogt  c/aj^-ifon^i 
mineral  described  in  the  preceding  Chapter.  It.oossis* 
tutcik  the  basis  of  clay  porphyry,  and  frequently  k 
>^ithout  any  crystals  of  feUpar  or  quatix.  Taji^ 
t&UKt  aUo  refer  a  kind  of  bfcccta  pprpbjrj^ 
chiefly  of  lra*jCDcnts  of  borustosie  porphyry  ol 
par  porphyry. 

In  the  rucks  belonging  to  thii  formsuioiv  ttucoft. 
mon  to  find  round  masses  of  a  hnrder  and  mor«  tiotf 
Stone  than  the  ina!^%  of  tht  rock  itself.  Tbttsoicliy 
porphyry  we  find  n^a^ses  of  horn- stone  porpbyryi  m 
gaining  in  their  eentre  a  kernel  of  chalordony  \  m  pi|| 
stone  porphyry  wc  find  masses  of  condioidal 
ftoncy  with  »  quartz  kernel  in  the  centre.  A^itCiC 
cedonvi  heliotiopc^  jimetbyst,  and  quart 3^  o/tca< 
either  m  plates,  thin  beds,  veins,^  or  irregtUar  i 
sonietimcs  also  the  precious  opal  is  found  in  this  ; 
lion  occupying  cleOs.  It  contains  also  a  ▼arirty  af^ 
%%  of  goldy  silver,  lead,  iron*  tin*  manganese,  &Ci  ka 
hitherto  they  have  been  discovered  oqIj  in  mas^  mk 
never  in  beds. 

This  foroiation  lies  over  all  the  preceding^  and  cca* 
Kits  of  beds  more  irregular,  and  more  inteirup^.  It 
extendi  very  ividcly.    Hitherto  it  has  scarcelj  been  i 
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ercd  stratified.      When  it  composes  hills,  they  arc  ^Chip,  ni 
oftea  split  into  cqJuidds  like  dio&e  of  bault* 

14.    SUnite* 

This  rock  occurs  usuallj  along  with  porphyry  ;  and 
when  ibey  tre  txoth  together,  the  sienite  geaeraliy  forms 

^the  Qppermost  part  of  the  bill* 

Sienite  is  a  rock  composted  essentially  of  felspar  and 
Jiornbiende,  the  same  constitvepu  which  form  green- 
•tone  I  but  in  sienite  the  felspar  is  the  prevailing  io- 
gredientf  whereas  in  greenstone  it  is  the  hornblende* 
In  sicniic  the  felspar  is  usually  red,  and  very  seldom  has 
a  tinge  of  greeo,  whereas  in  greenstone  the  felspar  is 

/90ftt  redy  but  almost  always  greenish  white.  The 
struct  tire  of  sienite  is  grammar,  and  the  grains  vary 
grcttly  in  size :  sometimes  smaJI-grained  sienite  con* 
tains  in  it  large  crystals  of  felspar;  it  is  then  called /»or- 

*  phyritic  simitf*  When  the  two  ingredients  that  coo- 
adtute  sienite  are  so  small,  and  so  intimately  mj:xed» 
that  they  cannot  be  distingnished  by  the  naked  eye, 
and  whefk  Mich  a  rock  contains  crystals  of  felspar  and 
quartz,  it  is  denominated  nenite porphyry , 

Sienite,  like  porphyry,  can  tains  few  foreign  beds ; 
boT  it  is  rich  tn  ores,  containing  gold,  silver,  iron,  tin, 
ooppcTp  lead,  &lc.  always  however  in  veins. 

The  rocks  of  tictiite  are  often  divided  into  columns. 
Like  the  newer  porphyry  it  often  occurs  in  round 
masses. 

15*    Newfr  S^pentim, 

This  formation  consists  of  the  rock  composed  esscn* 
tially  of  the  mineral  caUed  common  serptotine.  It  bears 
a  striking  resemblance  to  the  newer  porphyry  formation, 


9S« 
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Bofik  Tn^  und  occurs  in  simiUr  simftUons ;  bat  wbrthcr  ll  ca, 
vcrt  it,  is  covered  by  it,  or  comes  fn  place  of  it,  hu  m 
l)itherto  been  ascertained  in  a  sattsfactoiy  oiaatieT.  b 
lometime^  contains  steatiie,  aftbesiuap  talc,  meencbnSi 
Dative  nriagncftia^  pji'op,  and  schillersfone.  Ills  i^iam 
or  never  ttratified,  and  except  magnctio  iro&  sto»ea»* 
tains  scarcely  any  ore, 


Such  is  a  sketch  of  the  rocks  comiiKutuig  t^  pnmi. 
tivc  formations.  It  deserves  atrcntion,  1.  Thit  ik 
rocks  constituting  them  are  all  cbenstcal  oocnbinatipii^ 
and  generally  crysullized  ;  the  crystaUized  appear, 
ante  being  most  striking  in  the  oldest,  and  graMly 
becoming  less  perfect  in  th^  newer  formatiofis  ;  2.  Tkit 
they  contain  no  pctrefactions  ;  t-  That  the  olde^  fm* 
mations  contain  no  carbonaceous  mailer,  «id  te  it 
occurs  only  very  sparingly  in  the  primitive  (unumok 
Slaty  glance  coal  and  graphite  occur  in  theBi.  4-  Tkst 
when  we  compare  together  the  beight  of  tht  difccoi 
IbrmattonSp  where  ench  Individual  is  not  ocfftrel  W 
any  succeedfng  one,  -wt  find  that  granii^  stanAti^faf 
of  all ;  that  the  level  of  the  gnHis  is  m  little  hwf ,-  ibc 
of  the  mica  $tatf  still  Imvtr }  and  that  of  the  cby^tktt 
hweit  of  alL  So  that  there  is  a  regular  siflkiof  «l  lie 
level  from  granite  to  clay *sl ate  ;  but  the  newer  pvplif- 
ry  and  sienite  are  laid  over  the  fops  of  tbe  preccdiB|, 
as  if  \hese  two  formations  had  been  depodted  looflf- 
ter  the  formfition  of  the  rest.  Nay,  there  is  oftats- 
tcrposed  between  the  porphyry  and  these  foiipwtioaii 
bed  of  breccia,  composed  of  fragoients  of  the  antertar 
formation.  5*  That  almost  all  tbo  rocks  whieh  caa. 
vnn  magnesia  arc  confined  to  the  clay-slate 
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(prtinitive  slate,  but  is  rather  gUmmer.    chip.  in. 

•pmed   scales  of  tnica^     It  contains  no  ' 

butVrry  often  vctat  of  that  iDiiieraL 

crviitls  of  felspafi  schorl,  touimalinep 

ilcnde ;  nor  beds  of  garner,  chlorite  slate, 

tic  troo«.$tone«    It  contaios  peirefactions. 

^:s  arc  stratified*     When  not  co-    „     . 

Foreign  au« 

cr  loftiiation,  they  form  round-backed    tutnAK 

itaiktcd  at  top  and  intersected   by  deep 

Itains  trnmense  beds  *of  transition  lime- 

Wt»»t*slate,     It  is  rich  in  ores  both  in 

'1  fite  veins  arc  often  of  an  uqcook 


iranniion  Lime- Stone* 

L   ljfii€*>ttonet  is  a  sinnple  rock; 

0  (xxnpsct,  and  is  less  trans  pa* 

ft  contains  often  veins  of  caU 

r-  a  variety  of  colours^  which 

r^rioe.     It  contains  marine  pe^ 

/ngphites,  which  no  longer  ex- 

oLCur  in  the  subsequent  lime* 

T refactions  increase  in  qujip- 

iin  Itroe^stone  advance  J^arthcr 

jtnoo  from  the  primitive  forma* 

i  urilh  greywjicke -slate,  which 

It  occurs  in  beds  of  greater 

•-'ti  forms   whole  mountains. 

»  except  of  tmnsitioQ  trap.    It 

14  b  rich  in  ores* 
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%vere  formed  after  the  earth  contained  orgiuiie 
Hence  the  name  tramitim^  which  be  Has  impoied,  ni 
thejr  had  heen  formed  when  the  earth  w&s  pasting 
an  uninhabited  to  an  inhabited  state*    The  dmieof  tbdi 
formattgn  b  conceived  to  be  very  rt^motc^  ailtce  the  pfr* 
tre factions  which   they  contain  are  the  remmina  of  aoUj 
mal  and  vegetable  species  now  extinct.      It  is  sa 
transition  rock^  too»  that  carbonaceous  matter  milusii^ 
firit  appearance  in  any  noiable  qiiantitjr- 

ThU  formation  con!>i8t$  of  two  diffrrrnt  lo^ici, 
UStially  altcrnAte  with   each  other,    and    pass  into< 
other.      TIicsc  are  greywach^    and    grf^wacUm^igii, 
The  fiTstcharafteriics  the  formation. 

Cfcj^xuach  is  a  reck  composed  of  pieces  of  'l{aii12r 
fliut*»laic^  felspar p  and  ctaj-Uate*  cemented  together  hj 
ft^  basis  of  clay.nUte.  The  pieces  arc  sooietiaies  at 
large  as  a  hea*s  egg  ;  sometimes  so  amaU  that  the?  cao< 
not  be  peiccivcd  bj  the  naked  eye.  The  claf-vUte 
basis  likewise  variei  in  qnantiiy  considerably.  Itottea 
contains  soft  plates  of  rnica^  and  quarix  veins  are  wtij 
common  in  it ;  sometimes  it  is  to  hard  tbat  it  wppnn 
indurated  by  some  liliceoui  cement,  Ttm  fdtaffiiE 
grcywacke  becomes  gradually  finer  and  finer  grtina^iil 
at  last  it  can  no  longer  be  perceived,  and  a  slaty  stfuc 
succeeds*     It  then  passes  inij^MMpcke^sIafe. 

Creywacie^late    is  noth^^|^^B|ian  a  wvitij  4 
e  lay  slate  ;  but  it  may  be  Jr  w^d  l\ 

slate  by  different  circums 
ally  ash  or  smoke- grey, 
or  light  yellowish  grey  coli^ 
primitiye  slate.     It  does  not 
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rupted  lustre  of  primitive  slate^  but  is  rather  glimmer 
ingf  from  interspersed  scales  of  mica.  It  contains  no 
beds  ofquartz^  but  very  often  veiD$  of  ihat  mineraL 
I|  cDniaina  no  crystals  of  felspar^  schorl^  toafUMline, 
gametp  or  hornblende ;  nor  beds  of  garnet^  chlorite  slate, 
talc,  or  magnetic  iron-stone.  It  coniaios  petrefactions* 
The  greywacke  rocks  arc  stratified.  When  not  co- 
hered by  any  other  formation^  they  forid  round- backed  n%nk. 
bills,  usually  insulated  at  top  and  iiilersectcd  by  deep 
valleys.  It  contains  immense  beds  *of  transition  lime- 
stone, trap,  and  flint-slate.  It  is  rich  in  ores  both  in 
beds  and  veins^  and  the  veins  are  ofteo  of  an  uncom^ 
vionly  large  size, 

2»     Transition  Limt-Siomm 

This,  like  primitive  lime^stoney  is  t  simple  roek ; 
but  tt  approaches  more  to  compact,  and  is  less  transpa. 
rent  tbmn  the  primitive.  It  contains  often  veins  of  cal- 
eareoDS  spar,  and  exhibits  a  variety  of  colours,  which 
gives  it  a  marbled  appearance.  It  contains  marine  pe- 
trefactiuns  of  corals  and  zoophites,  which  no  longer  ex- 
iati  and  which  do  not  occur  in  the  subsequent  lime- 
stone formations.  These  petrefactions  increase  in  qttan- 
|ity  as  the  beds  of  transition  lime^stone  advance  farther 
.and  farther  in  their  position  from  the  primitive  forma- 
I'ttons.  It  is  often  mixed  with  greywackc^-slate,  whtch 
ives  it  a  slaty  texture.  It  occurs  in  beds  of  greater 
smaller  size^  and  often  forms  whole  mountains, 
contains  no  foreign  beds  except  of  transition  trap.  It 
iCirtely  stratified.     It  is  rich  in  ores. 
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2*     Traniiticm  Traft* 

This  fonnatioo,  at  tbe  name  imparts,  oouL 
rocks  distinguished  by  the  great    propogtiop  of 
blende  which  they  contain.     It  compf^tiids  fo«it| 
cies  of  rocks  j  nam^l  j, 

1.  Transtlion  groen*stoiic 
2*  Amygdaloid 

3.  Porphyritic  tranntioa  trap 

4.  Globular  trap  (kugel  fell) 

Tramitwn  p  /m^itone  is  a  roct  compofed  of  fide  pu 
iiular  hornblende  and  felspar  tnttnnatel/  mtxedtoge- 
rber»  and  not  so  distmctly  cryaUlHz^d  ss  in  priiM* 
tive  grcen*stone.  Sometimet  tbe  mixture  is  sotatiastr^ 
that  the  two  minerals  cannot  be  distingtiislicid.  la  Unl 
State  it  often  becomes  loote  in  its  texture,  and  approa^a 
%i^acit  and  hasaU.  In  this  Idst  cai^  it  often  eooiiuu  «^ 
steles.  When  these  are  filled  up  with  otlier  niiiifatft 
Ihe  rock  paises  into  amygialmd* 

jimygdaimd  is  nothing  more  than  this  l^t  state  sf 
^recn-stone.  The  vc^les  are  filled  up  with  e^caitoai 
spar,  chalcedony^  quartz,  j^P^t-  ^^tc,  greea  eartiv  a- 
ioethyst,  &c*  either  completely  or  partiallj. 

Sometimes  the  transiiion  green-itone:*  in  this  soAcnd 
stale,  contains  crysuis  of  fdspar  coloured  green  by  da 
horableode*  It  then  constitutes  porptyritit  irmuHf 
iraff, 

G/oitiiar  trap  h  a  fine  granular  homUeMle  rock  fit 
a  loose  texture,  and  tending  very  strongly  to  clay ;  if 
a  liver  brown  colour,  jn^oontaining  in  it  glo 
masses  composed  of  co^^^W^s&eUs 
cgntainiog  a  hard  kc 


TRAKStTJOir  roAiCATiairs* 

The  transition  trap  rocks  are  onl^  doubtfally  strati- 
I  fied.     They  alternate  with  the  other  transition  forma- 
tions in  beds,  and  sometimes  compose  whole  mountains. 
Common  and  lenticular  clay  iron-stone  occurs  in  it  ia 

beds* 

4*^     Transitwn  Flint  •Slate* 

This  formation  consists  essentially  of  common  flint* 
slate  and  Lydian  stone^  which  pass  into  each  other*  It 
is  a  simple  stone,  but  is  characterised  by  containing 
many  veins  of  quartz.  It  is  not  stratified.  When  it 
constitutes  rocks  they  are  usually  steep^  and  appear  very 
much  lacerated  and  worn  down  by  the  weather.  Tbis 
is  occasioned  by  tlie  numerous  rents  which  this  species 
of  rock  contains. 

To  this  formation  seems  to  belong  ribbon  jasper^ 
which  sometimes  constitutes  whole  rocks.  It  may  pos- 
sibly occur  also  in  some  of  the  subsequent  formations. 

To  these  formations  may  be  added  transition  gypsum, 
which  Von  Buch  discovered^  constituting  a  bed  in  grey- 
wacke  slate,  at  Leogang  in  Salzburg  *. 


•  Jam£icm*i  Crtjiw/^f,  p.  151. 
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CLASS  UU 
FLOETZ   FORMATIONS. 


The  next  grand  Class  of  formatioDS  haTe  received  Ae 
luune  of  Jheht,  because  they  lie  uatiallj  in  beds  mA 
more  near] J  horizontal  than  the  prcteding.  Wha  Ml 
covered  by  a  succeeding  formation^  tbey  form  biDi 
whiph  do  not  ris^  to  the  same  height  as  the  primitift 
or  transi ticm  •  The j  contain  abundance  of  pe trefictioos ; 
and  these  much  more  various  in  their  nature  thio  thoie 
which  occur  in  the  transition  formations,  consistio;  rf 
shells,  fish,  plants,  &c*  indicating  that  they  were  foiaied 
at  a  period  when  organized  beings  abounded. 

The  doetz  formations  lie  immediately  over  the  trtns- 
ition.  They  comprehend  a  great  number  of  individoal 
formations,  each  of  which  affects  a  particular  situatioo. 
The  following  Table  exhibits  a  view  of  these  different 
formations  in  the  order  of  their  position,  as  far  is  is 
known : 

Tablcofthe  ^       ^'  ^^*  "*  sand-stone 

fMnutiooti  2.  First  floctz  limc-stone 

3.  First  floetz  gypsum  with  rock  salt 

4.  Variegated  sand-stone 

5.  Second  floetz  gypsum 

6.  Second  floetz  or  shell  limc-iStooe 

«  •  • 
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1.  ThirA-ftod^stoite  or  ftw^slctitt  Chip*  oi- 

8*  Chalk 

•  •  « 

9.  Independent  coal 
10.  Floeti.  trap. 

The  position  of  the  two  formations  separated  from 
the  rest,  end  from  each  other^  by  asterisks^  has  not  been 
ascertained  in  a  satisfactory  manner.  The  last  forma- 
lioii,  the  0oetz  trap,  lies  over  the  rest,  pretty  much  as 
the  neiver  porphyry  and  stenite  do  over  the  older  pri- 
mitive formations. 

I- 

1.   Old  Red  Sand-Stone. 

This  fortnation  lies  immediately  over  the  transition, 
or,  where  they  are  wanting,  over  the  primttive  rocks, 
fience  it  is  considered  as  the  oldest  of  the  floetx  for- 
ttiattong* 

Sand-stone  is  composed  of  grains  of  quartz,  or  some 
other  siliceous  stone,  cemented  together  by  some  basis, 
«nd  can  only  be  considered  as  a  mechanical  mixture. 
The  cement  is  sometimes  clay,  sometimes  quartz,  lime, 
marl,  &c.  and  the  sand-stone  is  named  in  et^nsequenccy 
argillaceous,  silicepusi  calcai^ous,  snarly,  &c.  This  ce« 
ment  varies  much  in  quantity,  but  never  pre*dnminates ; 

'  sometimes  it  rs  too  small  in  quantity  to  be  perceived. 
The  siie  of  the  grains  is  no  less  subject  to  Variation  ; 
when  they  are  Urge  tlic  rock  is  sometimes  called 
pvdding'Sffmt* 

The  old  red  sand- stone  has  usually  a  red  colour.  Its 
grains  are  larg«»     They  conti»t  of  quarts,  fiint'slate, 

■^  fcc.  cemented  by  iron-sftot  clay.      It  \t  dtstinctly  stni- 


Soo 


Fowigo  mi- 


coMrocmo  mikebax^^ 

:  nt  tiiiedi  and  cootaint  few  ores*  Cobalt^  howevcTi  oecoi 
in  it  i  axi4  it  it  often  impregnated  voixh  copper^  bon  tk 
formation  which  lies  over  it. 


2.  Firsi  FUiiz  ZimS'^Stotu* 

Floetz  limestone  is  usnallj  of  m  grej  ooloar ;  m 
fracture  is  compact  i  it  has  no  lustre,  and  is  oclj  irva. 
lucent  on  the  edges*  Sometimes,  indeed,  thin  bedirf 
graaular  foliated  lime^stone  occur  in  it  ;  but  tlieje 
tain  petrefictions,  which  distinguish  them  from  pb* 
mitive  llme-stonr*  Floetz  Ume^stone  is  wdl  dim> 
terited  bjr  the  masses  of  horn  stone  and  flint  whidi  a 
contains* 

The  first  fioetx  lime- stone  form  ait  oo  lies  efer  tba 
old  red  sand^stoncp  and  is  well  characterized  bj  tbd 
of  bituminous  marUsdate,  containing  copper,  wbidi  u 
peculiar  to  it*  This  bed  is  alwaja  situated  loiresi^iid 
therefore  immediately  contiguous  to  the  sand^stooe*  It 
COD  taint  but  few  petrcfactioos  ;  and  when  thej  occcr 
the  J  are  in  the  uodermost  strata,  and  io  the  hiluiaiiOBi 
marl  bed.  They  consist  chieflj  of  fish,  Varioai  bedi 
of  marl  occur  In  this  formation^  and  likewise  a  ipsdes 
of  vesicular  limc^stooe,  known  in  Germany  kf  cfe 
name  of  rauci^  ivacke* 

3.  First  Ftoitz  Cypmm* 

Gypsum,  in  general^  may  be  considered  as  a  i^|ib 
rock  \  sometimes^  however^  it  contains  crystals  of 
borscitc,  arragonite,  and  quartz.  Sulphur  ia  Itkciraf 
found  in  it,  both  disseminated  and  in  compMt  mill 
There  are  two  formations  of  it* 

The  first  floetz  gypsum  lies  immedialely  over  tbe 
first  floetz  Ume'^itonc.    I    consists  chiefljr  of  foliated 
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set' 


compact  gypsum^  together  with  a  good  deal  of  sc- 
lenite.  It  is  in  this  formarion  that  swifie*stone  occurs, 
either  in  beds  or  mixed  with  Uie  gypsum*  Rock  salt 
also  belongs  to  it,  and  appears  to  lie  over  it  in  short 
thick  beds,  being  usual!)"  mixed  with  a  species  of  saline 
I  day.  Hence  the  saline  springs,  which  obxHouslj  ori- 
ginate from  rock  salt,  arc  likewise  peculiar  to  thi^  for- 
matioo. 


Ch&p.  lU.  ^ 

' V— JL 

Rock  salt 
and  salt 
spring!. 


4-  Pari f gated  Sand^Sione, 

This  formation  lies  immediatetj  over  the  preceding. 

le  rock  which  composes  it  consists  of  a  fine  gramilar 
argillaceous  sand-stone,  usually  of  a  green,  brown,  red, 
snd  while  colour.  Several  of  these  colours  aliernale 
in  stripes,  which  gives  the  stone  a  variegated  appear- 
ance* Hence  the  name,  it  often  contains  masses  of  a 
fat  clay,  of  a  greenish,  reddish,  or  yellowish  colour. 

This  formation  is  characterized  by  two  species  of  Foreign  «»»• 
rocks>  which  occur  in  it  in  beds-  These  are,  l.  The 
subspecies  of  lime- stone  described  in  the  last  Chapter 
under  the  name  of  roe^stom  /  and,  2.  Sand-Jtcfte  iiati* 
Thefirst  is  almost  peculiar  to  this  formation  ;  but  the  se^ 
cond  is  found  also,  though  in  small  quantity,  in  the  old 
red  sand- f tone.  It  consists  chiefly  of  fine  micaceous 
scales,  forming  a  alaty  texture,  and  having  generally 
tlun  layers  of  fine  granular  sand- stone  interposed  be* 
twec^n  them. 

5.   Second  Fhet'z,  Gypsum. 

This  formation  lies  over  the  preceding  in  beds,  and 
is  sometimes,  to  a  certain  degree,  mixed  with  it.  It 
contains  foliated  gypsum,  but  scarcely  any  seleniie, 
ftnd  no  swine*stone  }  and  ts  characterized  by  the  fibroui 

ra/.  IV.  N  n 
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gj^psun,  of  which  it  is  in  ft  great  awMore  coiDpeieJ. 
It  is  of  no  great  extent ;  and,  tike  the  firu  floctz  gjp. 
sun,  is  dfcstitttte  of  petrefactionfl. 

6.  Sicond  Floitz  Limt'Stotu,  or  Shell  Lime^tmt. 

This  formation  is  separated  from  the  first  floctz  line- 
stone  by  the  beds  of  older  gjpsum,  of  v^iriegated  ^oL 
Stpne,  and  of  second  gypsum  ;  which  constitute  the  cimd, 
fourth,  and  fifth  formatit^ns.  It  \\  cliaracterized  bjthe 
vast  number  of  shells  which  it  contains  in  the  state  of 
pttrefacttons.  It  contains  little  marl  ;  and  only  isdi. 
vidoa)  beds  or  seams  of  coal  occur  in  it,  so  small  at  wC 
to  bt  worth  working.  In  many  places  flint  mod  bore. 
stone  are  found  in  it  \  sometimes  in  snoall  beds,  noc- 
titnes  io  plates  and  sometiaies  mafls|ve  or  in  romditb 
pieces.  Particles  of  galena  are  likewise  foand  scattered 
through  it* 

7.   Third  Sand^Stont^  or  Free^Storu. 

Though  the  relative  position  of  this  formation  ha 
not  been  well  ascertained,  yet  it  is  kiiowrti  to  cover  ill 
the  pTtHreding,  and  therefore  to  be  mnch  newer  ib« 
eithtrr  the  first  or  second  sand-stone  formations.  It 
consists  mostly  of  a  sand-stone  of  a  white  colour,  well 
adapted  for  building.  It  contains  traces  of  coal,  b«t 
iK>  sand-stone,  slate,  nor  roe-stone  ;  and  g  jpsom  dctct 
occurs  either  immediately  over  or  under  it.  It  if 
usually  stratified,  and  contains  natural  rents  or  seams, 
which  cross  each  other  at  right  angles ;  the  one  paralld 
to  the  strati (ication,  the  other  perpendicular  to  it,  so 
that  It  can  be  castlir  quanied  into  large  s.qLiare  blocks. 
This  indeed  is  a  character  that  in  some  T.e  isure  applies 
to  all  the  sand-stooes.      When  not  covered   bj  uj 
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bitter  formitioti,  it  forms  beautiful  hilh  and  romamlc    Ctiip.  Ttti 
Vallejs* 

8,  CBatL 

[Chalk  is  one  of  the  nevi'Mt  floctx  rocki.  It  Is  tl- 
»ys  near  the  sea-coast.  Ic  contains  nurnefous  bedn 
of  nodular  flinf,  often  foil  of  vesicles.  Vnrfous  pctre- 
j«ciioo9  of  echinites,  belettmttefy  &c.  occiir  in  it.  It 
it  indistiricfly  siratificd»  and  forms  beaittifut  round 
knolls  and  biUs  of  very  small  heighr*  Pyrites  is  some- 
times found  in  it,  but  scarcely  any  other  metallic  ore. 

9.  Independent  Coal  Formation* 

lis  rormaiion  !s  deposited  in  detached  patches, 
Inually  in  valleys  over  the  preceding  floett  foeks,  or 
over  the  transition  formation  when  the  floeli  focks  are 
%vanting.  These  putches^  in  general^  have  no  connexion 
with  each  other«  Hence  the  epithet  indeptndtnt^  by 
which  the  forrnatioa  is  dtsiin^ui<>hed  i  but  they  are 
found  in  considerable  quantiiies  in  the  most  dt slant  parts 
erf  the  earth,  Europe^  America,  New  Honand,  and  al- 
l^dys  sicmUrly  shuated  with  respect  to  the  other  form;!- 
lions.  Coal  occurs  in  it  in  great  abundance  \  though 
in  the  preceding  formations  it  is  very  scarce,  and  in- 
deed is  only  found  in  thin  individunl  beds.  Hence  it 
id  considered  as  characieristib  of  this  formation.  The 
roeks  of  which  (not  reckoning  the  coll)  this  formatiotl 
is  composed  are  the  following  : 


Sand*stone 
Coarse  cotJglomeratc 
Skic-chy 
Bituminous  shale 
Indurated  clay 


Li  me -St  one 

Marl 

Clay  iron-stone 

Forphyritic  stone 

Grcen-stonc. 

NHS 


Aocks  Ic* 

to  a. 
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?oo^"^',  Lajeri  of  these  rocks  altertiate  a  great  many  tines 
with  each  other,  and  in  them  the  coal  occurs  b  on. 
merous  beds,  varying  extremelj  in  thickness.  The 
subspecies  of  coal  which  occur  in  this  formatioo  are 
coarse  ccal^foHated  coal,  camel^coa/,  siaie^oalp  and  i 
little  pitclh-coal.  Professor  Jameson  has  likewise  dii- 
covered  glance  coal  in  this  formation. 
wtdtalMfl  ^^^  ^l>c  different  rocks  of  which  this  formstioDn 
^^^  composed  seldom  or  never  occur  together.  Henait 
is  presumed,  that  there  are  several  subordinate  fomis. 
tions  belonging  to  the  independent  coalf  whidi  occofj 
determinate  situations  with  respect  to  each  odker. 
Three  such  formations  have  been  characterized.  The 
oldest  or  lowest  is  composed  of  beds  of  mdm^atedcfyf 
Ume  itomcp  marl,  porpbyriiic  stom^p  slait-^tmyf  ittn- 
mui  sbaUf  green- iton$^  and  soft  tamd-Home,  and  is  chs. 
rscienzed  bj  containing  in  it  some  metallic  qrl 
These  are  ores  of  coffer,  iroa,  lead,  and  perhaps  ibo 
merctay.  The  second  is  composed  of  beds  of  oA- 
ratid  clay,  marlp  lime- stone,  and  porphyriiic  Hone,  h 
contains  some  pyrites,  but  no  other  ore.  The  third,  or 
newest,  is  composed  of  soft  sand- stone,  coftg/omerate,  sad 
siate-  clay,  and  conlains  no  ore. 

The  sand^stone  of  this  formation  consists  nsosllj  of 
grains  of  quartz,  differing  in  size,  and  cemented  bj  a 
calcareous  or  argillaceous,  and  sometimes  even  a  silice- 
ous basis.  Its  colour  is  various,  though  most  eooi- 
monly  grey,  and  it  often  contains  very  thin  seams  of 
coal  interspersed  through  it.  It  is  often  employed  is 
building. 

The  conglomerate  consists  of  fragments  of  Ume-stooe, 
quartz,  greywacke,  &c.  cemented  together  by  a 
of  clay. 
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The  slaU^lay^  biiuminam  sbaU',  and  indurated  clay^    Chay >  HI. 
are  the  minerals  described  in  the  last  Chapter  under 
these  names. 

T\\t  limt* stone  belongs  to  the  compact  subspecies,  has 
a  splintery  fracture,  and  is  scarcely  translucent  on  the 
edges. 

The  marl  and  clay  iron-stone  are  the  minerals  de- 
scribed in  the  preceding  Chapter  under  these  names. 
The  green  stone,  which  was  first  discovered  m  this 
formauon  by  Professor  Jameson,  belongs  to  the  species 
which  occurs  in  the  flce'z  trap  rocks,  to  be  described 
immediately.  The  potfbyritic  stone ^  I  presume,  con- 
sists of  a  chy  basis,  containing  crystals  of  felspar. 

Tiie  rocks  belonging  to  this  formation  are  very  dis- 
tinctly stratified.  Abundance  of  petrefactions  occur 
in  it,  especially  in  the  sand-stone  and  bituminous  &hale. 
They  are  chiefly  of  %^egctablcs  j  ferns,  reeds,  &c.  are 
the  most  common.  Those  in  the  sand-stone  are  UiUi^Uy 
rather  casts  of  vegetables  than  real  petrefactions.  Tiiey 
seem  often  to  resemble  palms,  &d,  ^  but  none  of  them 

I      have  been  distinctly  referred  to  any  vegetable  species 

I      at  present  existing, 

^V  ID,  Floitz  Trap. 

The  rocks  of  this  formation  are  very  remarkable. 
They  cover  the  other  floctai  rocks,  precisely  as  the 
newer  porphyry  and  sienite  do  the  primitive.  The 
level  of  the  uncovered  floetz  formations  becomes  gra- 
dually lower,  in  the  order  in  which  they  have  been  de* 
scribed  j  but  that  of  the  floetz  trap  is  high,  as  it  covers 
them  all,  and  often  forms  the  summit  of  hills  whose 
lower  part  consists  of  older  formations*  The  rocks 
belonging  to  the  floetz  trap  formations  are  of  two  kinds  f 
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BooV  in»^  niimeljr^  those  which  are  peculiar  to  it,  smd  thste  wUdi 
occur  also  in  other  forroatioos.     The  foUowiog  art  tb^ 

rocks  peculiar  to  this  formation  : 

Rocks  pe- 
culiar to 
thlftfonna- 
tioo. 


Wackc 

Porphyry  slate 

Iron-clay 

Grcy-stonc 

Basalt 

Amygdaloid 

Pilch-stone 

Trap  tuff 

Green-stone 

Ja/a/r  claims  the  first  place,  as  it  chaniclerites  the 
floetx  formation.  It  consists  essentially  of  the  mioenl 
described  in  the  last  Chapter,  under  the  name  of  hu^ 
for  a  basis,  containing  crystals  of  basaltic  hornbieade^ 
augitc,  olivine,  and  iron- sand,  which  give  it  a  porpiij. 
ritic  structure*  It  contains  also  vesicles,  which  are 
filled  with  zeolite,  calcareous  spar,  lithomarge,  tix. 
The  vesicles  are  sometimes  filled  with  water.  Soae- 
times  it  passes  into  wacke  ;  sometimes  into  grey-stooe; 
and  sometimes,  though  rarely,  into  porphyry  slate. 

IVacJ^e  is  sometimes  the  simple  mineral  described 
under  th?t  name  in  the  preceding  Chapter.  Some- 
times it  contains  basaltic  hornblende  and  mica,  which 
give  it  a  porphyritic  appearance  ;  sometimes  it  is  spot- 
ted,  from  crystals  which  it  contains.  It  passes  some- 
times  into  clay  ;  sometimes  into  basalt.  The  irou^claj 
likewise  has  been  described  in  the  preceding  Chapter. 

Pitch' stone  was  first  observed  in  this  formation  bj 
Professor  Jameson.  It  is  distinguished  from  that 
which  occurs  in  the  older  rocks  by  the  following  cir- 
cumstances. Its  colours  are  usually  black  or  green;  it 
is  composed  of  lamellar  distinct  concretion^  and  it 
contains  crystals  of  glassy  felspar,  or  mii9mt0  asitii 
culled 
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Pdrphyry  slaU  i%  n)Ucb  less  commoa  than  bastilt  ;  ^^P-  ^^^ 
lliit  whrre  it  docs  occur  it  iisitaUy  forms  considerable 
iiilts.  This  rock  is  slater  in  the  Urge,  compact  ftt)d 
-•pHiifery  in  ihe  fmAll.  The  basin  of  it  consist*  of 
^^itilc  itone  ;  the  crystals  which  iccoDtains  are  of  ftUpat 
and  hornbltfude.  It  contains  «ho  xcolite^  iron-saod» 
^iid  some  -viinemU  not  jet  devcribed* 

Grey  sfi^m  is  still  icss  cominon  than  porphyry  slate, 
^It  ftj.|K'afs  to  consist  of  an  intimate  mixture  of  much 
^htte  felspar  and  a  iitrle  black  hornbleode.  1  l^is  bftii^ 
teonitirns  augite  and  olivine. 

FiottT^  grtc/i'Storte  15  an  intimate  mixture  s  of 

felspar  and  hornblende.     It   is  di^tinguiJit  pri- 

mitive and  transition  grecn-stooe  by  ihe  mot«  intimate 
mixture  and  less  crystalh'tcd  appearance  of  the  cotiitu 
l^uents.     It  passes  into  bnstlt* 

J  jfmygda/oid hut  for  its  basis  sometimet  wackt  \  some- 
pmes  a  fine  granular  green-stone,  frequently  already 
jlomewhai  decomposed.  The  vesicles  wtuch  it  con- 
4ini  are  filled  with  green  cirth,  lithomar^,  sieilite^ 
e.  Sometimes  they  remain  empty  \  sometimes  thit 
h  contriinf  crystals  of  hornblende^  Sec,  which  gives 
[he  rock  both  a  porphyritic  and  amygdaloidBl  itructure. 
•^  Trap  tuff  consists  of  fragments  of  floei/L  trap  and 
(bthcr  rocks,  cemented  by  a  basis  of  alluvial  clay, 
'^  The  minerals  which  this  formation  contninSi  in  com- 
n  with  others^  are  not  so  numerous  as  the  preoe- 
lig.     They  arc  the  following  : 


Sand 

Quaitxy  sand-Motic 

Clay 


LifDe*stoQc 
Coal. 


Orhrr  m\^ 
ncnlicoc* 
twined. 
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Bo- k  m.  The  grains  of  sand  are  of  all  degrees  of-  magniftii. 
The  clay  sonnetimes  contains  sebaum  tartb.  The  coi 
consists  chiefly  of  the  following  subspecies :  Commm 
brown  coal^  bituminous  wood^  and  pitcb^coal.  Some. 
times,  though  seldom,  giance  coal  and  columnar  chI 
occi'.r  in  this  formation. 

The  lowest  bed  of  the  floetz  trap  fornaation  coosisis 
of  sand,  which  becomes  ^adually  finer  and  finer  u  ve 
approach  the  upper  part  of  the  bed  ;  at  last  it  beconei 
clayey,  and  gradually  passes  into  indurated  clay.  Orer 
this  lies  a  bed  of  u  acke,  into  which  the  clay  gradualtj 
passes.  Tlie  wacke,  in  its  turn,  passes  into  btsiii} 
and  the  basalt  into  green-  stone,  grey-stone,  or  porphjrj 
slate,  which  constitute  the  uppermost  part  of  thcbum 
nation  :  so  that  the  lowest  part  of  this  formatioD  cos- 
sists  entirely  of  a  mechanical  deposite,  while  the  nppcr- 
most  part  has  the  appearance  of  a  chemical  compoood. 
Instead  of  the  sand^  we  sometimes  find  the  qoartzj 
sand-stone,  as  if  the  sand  had  been  united  together  bj 
a  siliceous  cement. 

When  coal  occurs  in  this  formation  it  commonly  ]ies 
under  the  basalt.  In  these  cases,  beds  of  sand,  chj, 
wacke,  basalt,  &.c.  are  found  in  several  repeated  series. 

All  the  rocks  of  this  formation  seldom  or  never  oc 
cur  together  ;  sometimes  one,  sometimes  more,  are 
wanting.  They  are  commonly  horizontally  stratiBed, 
and  form  conical,  insulated  rocks,  often  flat  at  tDe  top. 
This  formation  extends  over  the  whole  earth,  but  tlic 
beds  are  broken  and  interrupted,  so  as  to  cap  detached 
mountains,  or  fill  up  hollows,  but  all  similarly  sitoised 
with  regard  to  each  other.  It  is  the  newest  of  the  flodx 
formations,  as  it  covf*rs  not  only  the  older,  faot . 
even  the  newest  floetz  formations. 
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^Besides  these  formations,  there  appear  to  be  several 
lers  not  jet  dei^cribed.  How  far  these  are  universal 
ar  limited  to  particular  spots  has  not  yet  been  decided. 
'Thus  in  the  environs  of  Parts,  the  lowest  rock  known 
consists  of  chalk  in  very  thick  beds*  Over  the  chalk 
lie  about  il  beds  of  various  siubstancesp  nearly  ia  the 
Mme  order  and  thickness  in  all  the  hills  in  the  oeigb- 
bourhood.  These  beds  are  obviously  newer  than  the 
ehalk  i  and  they  differ  m  their  nature  from  M  the 
Aoeiz  formations  above  described*  An  excellent  ac^ 
count  of  these  beds  has  lately  been  published  by  dif- 
ferent mineralogists  in  Paris,  especially  De  la  Metheric, 
and  Cuvier^  and  firogniart.  The  following  are  these 
beds  arrauged  according  to  ih^h  positloOy  beginning 
ivith  the  lowest  in  the  order,  and  termiuatiog  with  that 
at  the  surface  of  the  earth* 

1.  Clay 

2«  Limestone 

3.  Plaster,  or  a  toijtture  of  gypsum  and  limestone 

4.  Marl  and  adhesive  slate 

5.  Plaster 

6.  Marl  and  adhesive  slate 

7.  Plaster 

8.  Marl  and  adhesiv^e  slate 
0.  Clay  containing  sulphate  of  strontian  in  nodules 

10.  Marl 

11.  Sand. 

!•«*•  1,  The  bed  of  clay  is  about  30  feet  thick;  but  it 
^tries  in  thickness  in  different  places.  It  contains  very 
ihin  beds  of  sand,  and  a  kind  of  bituminous  matter  is 
Immd  in  it  which  bums  when  heated,  and  emits  a  smell 
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9w  The  littie^ioM  4ifcrs  « its  mppmntM,  fai  ik 
ffetlMt  pMt  ef  k  » t  ftpecics  of  rae»«lone  foil  UnmA 
•hells.  It  it  Aa  stone  e«|iieycd  for  Miildiag  m  IMl 
At  first  it  is  ^ntj  soft,  bat  it  hardens  by  exposot  to 
the  sir.  It  is  Snbftct  to  OMmldnr  down,  mad  hcaer  Ai 
decsj  obseiTsbk  in  ssireral  of  the  paUie  bnildisp  d 
tbtt  cspittl.  A  stone  nesrij  oimifcir  oconrs  is  tt 
neighbourhood  of  Beth^  end  ie  them  eroplojed  si  i 
Mlcling  stone*  It  is  not  iasprolMri>le,  from  Ati  cib 
cnmstnnce,  that'  formttions  sinulnr  to  thoee  st  hn 
oceiir  nesr  9*^b* 

9.  Orer  the  linie-stone  lies  n  bod  of  plsslcr  iknl 
16  feet  thick,  eslled  b/  the  woclLnsett  At  km  mm. 
It  is  mixed  here  end  there  with  mnrl  ond  ndbesivc  dnt 
It  edntnns  nho  thin  beds  of  seleoHe, 

4.  Over  the  /pin  mats  lies  n  bod  of  omt!  sol  sL 
hesive  ilste  sbout  10  feet  thick. 

5.  Over  this  lies  the  second  bod  of  plnster,  shoot  15 
feet  thick,  9sUed  the  middle  mass,  nnd  divided  mto  m^ 
Teral  layers ;  some  of  these  consist  of  ordinary  plastcTi 
others  of  selentte,  called  grignardt  bjr  the  workman 
end  rejected  by  them. 

6.  Over  the  middle  mass  lies  a  bed  of  adhesive  date 
and  marl,  about  20  feet  thick.  This  bed  in  Mont- 
nuutre  contains  a  thin  bed  of  variegated  clay,  a  kind 
of  fuller's  earth.  Instead  of  this,  memliit  oocun  is 
Meneil'Montant.  It  contains  rifts*  often  filled  witk 
lenticular  selenite. 

7.  Over  the  preceding  lies  a  bed  of  plaster  shoal 
So  feet  thick,  called  bj  the  wofkmcn  the  h^h  SMe. 
It  is  divided  into  a  number  of  layeri.  This  hod  st 
Mentl-Montant  is  divided  into  irrcgnlnr  calumny ■'■>■ 
|ar  to  those  so  common  in  basaltic  and 
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DOtintains.     It  contains  a  number  of  siliceous  nodules   ,^fJ^^^ 
i}c.e  agates,  often  hollow  wiihin  and  filled  with  plaster. 
8.  Over  the  high  maij  lies  a  bed  of  marl  and  ad- 
ficiive  slate,  about  10  feet   thick,  and  very  distinctlj 
Lutratificd.     It  contains  vegetable  petrefactions, 

SI.  Over  this  lies  a   bed  of  greenish  coloured  cla^ 
bout  18  feet  thick.     It  contains  very  impure  sulphate 
sf  strontian  in  irregular  uoduks,  which  form  thin  beds 
ike  flint  in  chalk.     It  contains  also  regular  crystals  of 
letiitc. 

10,  Over  this  lies  a  bed  of  marl  about  IB  feet  thick. 
Bgularly  stratified,  and  in  the  lower  part  of  which  oc^ 
It  a  great  variety  of  common  oyster  shells. 

1 1.  The  uppermost  bed   of  ill,  which  crowns   the 
lills  in  the  neighbourhood  of  Puris,  consists  of  fine 

iod,  containing  m  it  abundance  of  sea  shells.  Some^ 
iDies  this  sand  is  agglutinated,  constituting  a  kind  of 
sand  stone.  Sometimes  it  becomes  hard  enough  to  be 
laed  as  a  mill-stone.  Sometimes  it  contains  masses  of 
kind  of  clay  iron-stone.  It  contains  abundance  of 
aifa,  It  is  about  55  feet  thick. 
It  is  chiefly  in  the  beds  of  plaster  that  the  great  nura* 
Iber  of  fossil  hones  of  land  animals  have  been  found,  for 
description  of  which  we  are  chiefly  indebted  to 
^uvicr  •• 


•  See  /tttr,  it  Pfyf*  htu  log. 
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CLASS  IV, 


AU.UVIAL  FOKMATIONS. 


1  HE  alluvial  formations  constitute  the  great  mzss of 
the  earth's  surface.  They  have  been  formed  bj  :hc 
gradual  action  of  rain  and  river  \irarer  upon  the  other 
formations,  and  may  be  considered  as  verj  recent  for- 
mationsy  or  rather  as  deposites,  the  formation  of  which 
Of  tw»  is  still  constantly  going  on.  They  may  be  divided  inb 
two  kinds  :  namely,  those  deposited  in  the  valleys  of 
mountainous  districts,  or  upon  the  elevated  plains  which 
ofUn  occur  in  niouiitains  i  and  those  deposited  upon  fi-t 
land. 

The  first  kind  consist  of  sand,  gravel.  See.  which  corr 
slituied  the  more  solid  parts  of  the  neighbouring  moun- 
tains, and  "^liich  remained  when  the  less  solid  parts 
were  washed  away.  They  sometimes  contain  ore* 
(particularly  gold  and  tin)  which  existed  in  the  neigh- 
bouring  mountains.  Sometimes  the  alluvial  soil  is 
washed,  in  order  to  separate  these  ores.  On  mountain 
plains  there  occur  also  beds  of  loam* 

The  second  kind  of  alluvial  deposite,  or  that  whidi 
occupies  the  flat  land,  consists  of  loam,  clay,  sand,  tarf, 
and  calctufF.    Here  also  occur  earth  and  brown  coal  (io 


VOLCAKIC  FORMATIOKfT 

n%  mineral  amber  is  ftyund)^  wood  coal,  bitwminmis  Oap,  nu 
I  Wood,  and  bog  iron  ore.  The  sand  contains  some  me. 
JUls,  among  others  gold.  The  calctufT  ii  a  chemical 
ideposite  and  extends  widclj.  It  contains  plants,  roots» 
fmoss,  bones,  &c.  which  ii  has  encrusted.  The  clay 
land  sand  often  contain  petritied  wood,  and  likewise 
rskeletons  of  quadrupeds. 


CLASS  V- 


VOLCANIC    FOHMATIONS, 


Xhe  volcanic  formations  are  of  two  kinds  j  namelj, 
Ihc  pseudo^'volcunk  and  the  trm  voicanic* 

The   p&cudo*vo]canic  consist  of  minerals  altered  in   p^g^^jwfjx 
consequence  of  the  burning  of  beds  of  coal  situated  in  ^^^* 
their   neighbourhooc!.       Porcelain  jasper^    earth  jlag^ 
butn^  clay^  coiumnar  clay'tren  ii&ttf,  and   perhaps  also 
foUshirg  slate,  are  the  niinerals  which  have  beeft  thiat 
altered. 

The  real  volcanic  minerals  arc  those  which  have  Volonk. 
been  thrown  out  of  the  crater  of  a  volcano.  Thej  are 
of  three  kinds;  l.  Those  substances  which,  having 
been  thro«^'o  out  from  time  to  time,  have  formed  the 
crater  of  the  mountain  :  2*  Those  which  have  been 
thiown  out  of  the  crater  in  a  stream^  and  roiled  down 
the  mountain;   thej  comtitute  lavas:  3*  The  water 
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wKicli  leans  over  the  vcini  or  ibe  rew/of  tV*c  veiit,    Cbip.  IH. 
always  lowent*     So  that  this  n  the  pc^rtion  which 
shears  to  have  &unk«     Such  z  change  of  posiiton  iti 
the  strata  U  knoi;vn  id  this  country  hj  the  name  of  a 

In  considering  reins,  there  are  two  drcomstaiice^ 
ich  ddim  oux  attention:  namel/,  i.  Tb€  ihapc  of 
^ins;  aod^  2.  The  substances  twilh  which  they  are 
filkd. 

1.  AU  those  mineralogists  who  have  had  the  hetst  Their 
opportunity  of  examining  the  shape  of  vtint  with  eor*  ^' 
rcctness,   agree  in  represeiiiin|r   them  as  widest  above, 

and  as  gradually  diminishing  in  size  as  they  deepen^ 
at  last  they  terminate  in  a  po!i)t»  exactly  as  if  they 
hafl  been  originally  fissures,.  Tliis  is  the  account  of 
Oppcl^  of  Werner^  and  indeed  of  all  those  writers  who 
Uave  been  profession  ally  ejigaged  in  superintending 
nes*  SometinoeSf  indeed,  veins  widen  in  different  parts 
their  course^  and  afterwards  contract  again  to  their 
former  size  }  but  more  commonly  they  continue  dim!- 
nUhing  gradually  to  their  extremity. 

2,  Sometimes  these  veins  are  etcher  partially  or  en- 
tirely empty.  In  ihat  case  they  arc  dcnomiiKitcd  ^- 
^ans  i  but  most  commonly  they  are  filled  with  a  mat- 
t«r  more  or  less  dificrent  from  the  rock  through  wtiich 
they  pass.  Sometimes  ihe  vein  is  fdUd  up  with  one 
apcclcs  of  mineral.  Thus  we  have  vcinaof  caicarems 
tpmr^  ofqitartx^  &u.  \  but  wheu  it  is  of  any  sixc,  we  fre- 
qtiently  find  a  variety  of  suiistances;  these  arc  disposed 
ill  regiiKr  layers  always  parallel  to  the  sides  of  the 
t'ein,  an<l  they  follow  in  their  posiaon  a  very  regular 
order.  Oae  species  of  fnioa-al  con&titutsa  the  centre 
i»f  ihe  vein ;  on  each  side  of  this  central  hed  the  very 
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same  layers  occur  in  the  same  order  from  the  centred 
the  side  of  the  vein.  To  give  an  example  ;  tbe  Tea 
Gngorwi,  at  Frejberg,  is  composed  of  nine  layen  a 
beds.  The  middle  of  the  vein  consists  of  a  layer  otoL 
careous  spar  ;  on  each  side  of  this  is  a  layer  coosistii| 
of  various  ores  of  silver  mixed  together ;  on  esck  sdc 
of  this  a  layer  of  brown  spar  /  on  each  side  of  thiia 
layer  oi galena;  on  each  side  of  this,  again,  andcoai 
guous  to  the  side  of  the  vein,  is  a  layer  of  quartz.  The 
following  sketch  will  give  the  reader  some  notion  of  & 
relative  position  of  these  layers ; 
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Sometimes  the  namber  of  layers  of  which  a  v«n  is 
composed  greatly  exceeds  this.  Werner  describes  ok 
in  the  district  of  Frcybcrg,  in  which  the  middle  lajcr is 
calcareous  spar,  having  on  each  side  of  it  no  less  thw 
thirteen  layers  arranged  in  the  very  same  order*. 

Almost  every  mineral  substance  which  occnrs  in  tfic 
mass  of  rocks  has  been  found  in  veins.  We  some- 
times find  them  filled  with  diflTcrent  well-known  stonj 
bodies.  Thus  veins  of  granite,  porphyry,  lime-stooe, 
basalt,  wackc,  green-stone,  &c.  are  not  uncommon  \  \ 
veins  of  quartz,  clay,  felspar,  &c.  are  equally  common. 


•  Nouvttk  Tbtorie  de  la  Formatiom  dcf  FiUmt^  p.  T9Q. 
f  Werner,  hwvtlir  Tltorie,  p.  93* 
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Pit-coal  and  commoa  salt,  and  almost  all  tut  metals,     Chip,  m. 
ceirise  occur  in  veins.      Some  veins  are  filled  with 
iter-worn  pebbles,  as  one  observed  by  Werner  at 

chimstahl  *.     Some  are  filled  with  loam  t«     Naj, 
tj  even  sometimes  contain  petrifactions.     Thus  Ba- 

tde  Born  describes  a  petrified  porpites  which  he  saw 

a  compaet  cinnabar   vein  in  Hungary  ;  and  Mr  de  ' 

shlottheim  communicated  an  account  of  a  still  more 

aarkable  appearance  of  the  same  kind  to  Werner, 

a  calcareous  mountain  in  Thuringia,  there  occur 

Ins  of  marl  five  or  six  inches  thick^  containing  pe* 

ifeclions  differing  altogether   from  those   which  are 

id  in  the  lime^stone.      The  petrifactions  found  in 
^e  mail  are,  cornoa  ammonis,  terebrates,  and  turbi- 
nes i  while  those  that  occur  in  the  lime*stone  rock 
trochites*    Beds  of  the  marl  occur  in  the  neighbour- 

3d  ;  and  these  beds  contain  the  same  petrifactioos 
It  are  found  in  the  veins  J, 

3.  It  is  very  common  to  find  veins  crossing  each  other  Cfo«  cadi 
the  same  rock.    When  that  happens,  one  of  the  veins 

mj  be  traced   passing  through  the  other  without  any 

erruption,  and  cutting  it  in  two,  while  the  other  al- 

ays  separates,  and  disappears  at  the  point  of  crossing. 

4.  Such   is  a  short  sketch  of  the  most  remarkable   Wcmcrii 
iL  ^  '  ^tr  .         thtory  of 

benomena  respecting  vems.      Werner  supposes  that  «ioi. 

iicy  were  originally  fissures  formed  in  the  rocks,  and 
that  they  were  all  gradually  filled  by  minerals  deposited 
ftlowly  from  above,  while  the  rocks  in  which  they  oc- 
cur were  covered  by  water,  and  that  they  w*erc  filled  at 

ke  same  time  that  the  dificreiu  formations  were  deposi* 


11 


To/,  ir. 


t  Otid.  p.  ei.     :  Ibid,  p.  ts. 

Oo 


L  Ut     led*  Hits  theory  he  has  tupported  in  Im  book  oa  V^ 
bjr  «   very  complete  etnunerauoo  of  all  the 
stances  respecting  their  structure  sumI  appesnocn.  ^ 
hfts  shown  that  they  reaemUle  fissufet  very 
thetr  shupe  and  direction  »  and  thai  MM  tbcy  \ 
trtfactions  and  roincraU  altered  bjr  the  aetitfi  of i 
Ihey  must  of  necessity  have  been  filled  from  ibo«e.| 

Veins  of  course,  according  to  this  theoryi  irti 
than  the  rocks  in  wluch  they  occur  $  and  when  two? 
cross^  that  is  obviously  the  newest  which  usfennj 
other  without  interruption,  as  the  fissures  < 
the  second  vein  must  have  been  formed  aftef  tk  I 
vein  was  filled  up*      When  different  veins  contu^ 
same  minerals  arranged  in  the  same  order,  he  i 
that  they  were  filled  at  the  same  time»  andnji^ 
such  veins  belong  to  the  same  formation.     ^Hust 
differ  in  these  respects^  they  belong  to  diScrtat  1 
tions.     From  the  position  of  the  respective 
respect  to  each  other,  he  deduces  tJicir  relative  sgc;i 
from  this  draws  inferences  respecting  the  veld 
of  the  different  mineral  subsfaneea  thai 
similar  to  the  inferences  drawn  respeciing  ike 
the  rocks  which  constitute  the  grand  classea  of 
tious  described  in  the  preceding  Chapter*    Euil 
curious  and  important  consequences  which  b«i 
from  his  theory,  I  must  refer  the  reader  to  Wj 
treatise,  an  English  translation  of  which  btta  < 
ly  published  by  Dr  Anderson. 


I  shall  conclude  this  short  sketch  of  Werner^ 
nosy  with  Two  Tables,  exhibiting  the  dtflTerefii] 
tions  in  which  the  most  important  stony  bodies  i 
occur,  without  distingulshiog  whether  tbejare 
beds  or  io  veins. 
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;OF  THE    ANALYSIS  OF  MINEIULS. 


jL  HE  progress  which  the  ft-t  of  analysing  minerals  has 
made  within  these  last  twenty  years  is  truly  astonishing. 
To  separate  five  or  six  substances  intimately  combined 
together,  to  exhibit  each  of  them  separately,  to  ascer* 
tain  the  precise  quantity  of  each,  and  even  to  detect 
the  presence  and  the  weight  of  substances  which  do  not 
approach  r^^^  P^^^  ^^  ^^^  compound,  would,  at  no 
very  remote  period,  have  been  considered  as  a  hopeless, 
if  not  an  impossible,  task  ;  yet  this  can  now  be  done 
with  tolerable  accuracy* 

The  first  person  who  undertook  the  analysis  of  mi- 
nerals was  MargrafFof  Berlin.  His  attempts  were  in- 
deed rude  i  but  their  importance  was  soon  perceived  by 
other  chemists,  particularly  by  Bergman  and  Scheele, 
whose  industry  and  address  brought  the  art  to  a  consi- 
derable degree  of  perfection. 

But  their  methods,  though  they  had  very  consider- 
able merit,  and,  considering  the  state  of  the  science,  are 
wonderful  proofs  of  the  genius  of  the  inventors,  were 
often  tedious  and  uncertain,  and  could  not  in  all  cases 
be  applied  with  confidence.  These  defects  were  per- 
ceived by  Klaproth,  who  applied  himself  to  the  ana- 
lysis of  minerals  with  a  persevering  bdustry  which  no- 
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thing  could  fmtigiie,  and  aoingeQuil7  and  accuncj  whkl 
iiotbuig  could  periiiear.  He  coiTcctcd  wlias  wi*  wroo^ 
and  supplied  what  was  waiitingi  ia  the  aaaljbcil  m^^i 
thod  J  invenicd  new  prooeitacs  i  discovered  new  insui. 
meats ;  and  it  is  to  his  iaboors,  more  thaa  to  those 
anjr  other  chcratst^  llui  lUc  degree  of  ptrhaxtm^ 
which  the  analysis  of  minerals  has  atcaioed,  i«  to 
ascrilKd.  Many  improvements^  however,  were  ii 
duocd  by  other  chcioistit  especially  by  Vau^iidk, 
whose  analysis^  both  in  point  of  accuracy  and  infcaa)* 
ty^  and  tu  number,  rival  tho|e  of  KJaproth  liimjtlf. 

I  shall^  in  the  following  Sections^  sketch  out  tbeafc* 
thods  of  analysis  at  present  practised*  Bat  it  willbi 
proper,  in  the  first  pl^ce,  to  premise  the  foliowingoU 
senatioQS. 

Bctore  a  mineral  is  submitted  to  analysis,  it  ot^ 
to  be  reduced  to  an  impal pubic  powder.  Whea  ik 
stone  is  extremely  hard^  it  may  be  heated  to  i«dnei^ 
and  then  thrown  into  cold  water.  Tlus  makes  it  end 
and  break  into  pieces.  If  these  pieces  are  not  uuD 
enough^  the  operAttoo  may  be  repeated.  These  bt^ 
ments  are  then  to  be  beaten  to  small  pieces  in  a  poiiil^^ 
cd  steel  mortar  i  the  cavity  of  which  ahotild  be  cji 
dricalf  and  the  steel  peatle  should  fit  it  exacUyj  in 
to  prevent  any  of  the  stone  from  eacapiag  dtutog  tlie' 
act  of  pounding. 

When  the  stone  has  been  thus  pounded,  a  cei^ 
^amity,  whose  weight  is  known  exactly,  XOOgraiss 
for  instance,  ought  to  be  taken  and  reduced  to  aa  ine  t 
powder  as  possible.  This  is  best  dooe  by  pounduig 
smaU  quantities  of  it  at  once^  not  exceeding  fire  gratos* 
The  mortar  employed  is  usually  of  agate.  It  maybe 
about  four  inches  in  diameter,  and  rather  mare 


hch  deep.  The  pestle  is  composed  of  the  same  ingre* 
fiems.  The  powder  is  as  fine  as  possible  when  it  feels 
soft,  adheres  together,  aod  as  it  were  forms  a  cake  ua^ 
der  the  pestle*  It  ought  then  to  be  weighed  exactly. 
It  will  almost  always  be  found  heavier  after  being 
pounded  than  it  was  before  ;  owing  to  a  certain  quan-i 
tity  of  the  substance  of  the  mortar  which  has  been  rub- 
bed off  during  the  grinding,  and  mixed  with  the  pow- 
der. This  additional  weight  must  be  carefully  noted  ; 
and  after  the  analysis,  a  portion  of  the  ingredients  of 
Ihe  mortar^  corresponding  to  it^  must  be  subtracted. 
When  the  mortar  is  of  agate  or  flinty  Ihe  abstracted 
portion  may  be  considered  as  pure  silica. 

It  is  necessary  to  have  a  crucible  of  pure  silver,  or 
of  platinum,  capable  of  holding  rather  more  than  seven 
cubic  inches  of  water,  and  provided  with  a  cover  of  the 
same  metal. 

The  dishes  in  which  the  solutions,  evaporations,  Sec. 
are  pcrfarmed,  ought  to  be  of  glass  or  porcelain^  Those 
of  porcelain  are  cheaper,  because  they  are  not  so  apt  to 
break.  Those  which  Mr  Vauquelin  uses  are  of  porce* 
lain  ;  they  arc  sections  of  spheres,  and  are  glazed  both 
within  and  without,  except  that  part  of  the  bottom 
which  is  immediately  exposed  to  the  fire*  In  this 
country  we  commonly  use  Wedgewood*s  glazed  eva- 
porating dishes*  The  glaze  is  thin,  and  not  so  apt  to 
crack  as  the  glaze  of  the  French  porcelain  ;  but  per- 
haps it  does  not  resist  quite  so  well  the  action  of  strong 
reagents. 
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ANALYSIS  OF  XA&TBS  AMD  STOKES *• 


Ji^pedieBtt 


JLilE  only  sobiUnces  which  enter  into  the 
«CiittMi>  tion  of  the  simple  stones,  ss  far  et  least  as  analjsu \m 
discovered,  are  the  six  earths,  silica,  aluminay  ziicsoi^ 
glncina,  lime,  and  magnesia ;  and  the  oxides  of  insi 
manganese,  nickel,  chromiam,  and  copper  f.  Sddoa 
more  than  four  or  five  of  these  substances  are  Comi 
combined  together  in  the  same  stone :  we  shall  soppoK^ 
however,  in  order  to  prevent  unnecessary  repetition^ 
that  they  are  all  contained  in  the  mineral  which  we  in 
going  to  anslyse. 

Let  100  or  SOD  grains  of  the  stone  to  be  aaaljKd^ 
pceviously  reduced  to  a  fine  powder,  be  mixed  with 
i^g  Mo»^  iSkitit  times  its  weight  of  pore  potash  and  a  little  wtter, 
and  exposed  in  a  silver  crucible  to  heat.  The  heit 
should  at  first  be  applied  slowly,  and  the  matter  shoaU 
be  coostantly  stirred,  to  prevent  the  potash  from  swell- 
ing and  throwing  any  part  out  of  the  crucible.  Wka 
the  whole  water  is  evaporated,  the  mixture  shonld  be 
kept  for  half  an  hour  in  a  red  heat. 


•  See  Vaiqnclin't  TreitUe  oo  the  Analy tit  of  Stonesy  Jbm.  it  Om. 
no.  66. 

t  Barjtcs  hat  alto  been  diacomed  in  one  tiagle  atone,  the  jiianft : 
bat  ttt  pretence  in  ttonet  it  to  nncomnion,  that  it  cab  acMcdy  be  loeW 
for.    The  method  of  detecting  it  ihall  be  noticed  afterwarda. 


If  Uie  matter  in  the  crucible  melts  completely,  and 
appears  as  liquid  as  water,  we  may  be  certain  tlut  the 
stone  which  we  arc  analysing  eonsins  chiefly  of  silica  ; 
if  it  remains  opaque,  and  of  the  consistence  of  pftste»  the 
other  earths  arc  most  abundant ;  if  it  remains  in  the 
form  of  a  powder^  alumina  is  the  prevalent  earth  *.  If 
tlie  matter  in  the  crucible  be  of  a  dark  or  brownish  red 
colour,  it  contains  oxide  of  iron  ;  if  it  Is  grass  green, 
inanganese  is  present  f  if  it  is  yellowish  green,  it  con- 
tains  chromium. 

WJien  tlie  crucible  has  been  taken  from  the  fire  and 
wiped  on  the  outside,  k  is  to  be  placed  in  a  capsule  of 
porcelain,  and  tilled  with  water*  Tliis  water  is  to  be 
renewed,  from  time  to  time,  till  all  the  matter  is  detach- 
ed from  the  crucible.  The  water  dissolves  a  part  of  tlie 
combination  of  the  alkali   with  the  silica  and  alumina 


Ch«p.  IV. 


•  Mr  CKcflcvU  hai  lately  luggctted  an  Inj^cnioa*  method  ©f  anAlyiiag 
MOfiet  that  do  fioe  fu«c  widi  potuh.  He  pat  ic  In  practice  in  atialyiinjj 
the  ciiifeTetit  varieiiet  of  corunttunu  This  mineral  b  compotcd  iXmini 
«ntrnrty  of  alumina,  aiid  ^»  cxtrenidf  hard.  Potash  acii  apon  il  very 
feebly  I  ao  that,  m  the  commtn  way  of  analyua,  the  priKCw  u  very  tc* 
dioui,  and  the  (juantity  of  potath  nfceswry  Tcry  grokt,  Mr  Chenevlj 
aubfttituted  t>ofaK  tu  place  of  poiaih,  which  acti  upon  ataitinous  wtonet 
▼ery  reidilj.  He  mixrd  rco  ^ains  of  tapph^re  in  powder  with  15O 
^ftini  of  catcinird  hurat,  and  expoacd  the  nuzture  to  a  liolittit  heat  to  n 
m  crucible  itir  two  botin.  The  ma»i;,  whern  coidi  h^d  the  appear* 
f  of  a  grccijifJi  blue  glav,  which  adbertd  itrougly  to  the  cnictble* 
whoTe  wa«  boitod  in  muridcic  acid  for  Mine  houn^  by  which  a  com- 
:  tolurimi  was  obtained,  The  whole  of  the  eirthy  matter  wa*  then 
precipitated  by  meani  <4  ammofiia  not  entirely  nturated  with  c^bonio 
acid  ;  and  the  precipitate,  after  being  well  washed  1  was  rcdiuolved  in 
fnuriatic  acid.  By  rhU  nneant  the  borax  was  got  ri J  cjf.  The  analyati 
I  tbfn  coodacted  iicirly  10  the  mamtrr  depcribed  in  t^ir  frtt,  etccpt« 
^oolf  thac  munatc  i^  ammonia  was  employed  to  ^tpAratc  tiic  alutnina 
I  potaih.— f*i/.  Travi,  f 801,  f-  ■tjr. 


of  the  stone  ;  and  if  n  soffident  quantity 
would  dissolve  the  whole  of  thit  oombinattoQ* 

Murtttic  acid  is  now  to  be  poured  in  till  tlie  wbole 
of  Ite  matter  is  dissolved  *.  At  first  a  flaky  prectpttm 
appeartj  becau&e  the  acid  combtnet  with  the  »lkii 
which  kept  it  in  solution.  Then  an  cScnreacencatikei 
plaoe^  owing  to  the  decomposition  of  aofne  earbooaii  if 
potash  formed  during  the  fusion.  At  the  same  nam 
the  flaky  precipitate  is  redisiolved  i  as  is  also  that  pm 
of  the  matter  which^  not  having  been  diaaolved  ia  ibt 
water^  had  remained  at  the  bottom  of  the  dish  b  the 
form  of  a  powder*  This  powder,  if  it  consiits  &oljd 
silica  and  alumina,  dissolves  withooi  effervescence ;  bat 
if  it  contains  lime,  an  effervescence  takes  place. 

If  this  solution  in  muriatic  acid  be  colourless,  we  miT 
conclude  that  it  contains  no  metallic  oxide^  or  only  s 
very  small  portion ;  if  its  colour  be  ptirpliah  red,  it  oea* 
tains  manganese ;  orange  red  indicaiei  the  preseDcc  of 
iron  ;  and  golden  yellow  the  presence  of  chromium* 

This  solution  is  to  be  poured  into  a  capsnle  of  ptfts* 
lain,  covered  with  paper,  and  evaporated  to  dryaoi  at 
a  sand  bath.  When  the  evaporation  is  drawing sowndi 
its  completion,  the  liquor  a&sumes  the  form  of  jclly«  It 
must  then  be  stirred  constantly  with  a  aihrer  or  pone^ 
lain  rod,  to  facilitate  the  diseitgigaiiMni  of  the  add  mi 
water,  and  to  prevent  one  part  of  the  matter  from  beiag 
loo  much,  and  another  not  sufficiently  dried*  I^Jtboot 
this  precaution,  the  silica  and  alumina  woaki  noik 
caospletely  separated  from  each  other. 

When  the  matter  is  reduced  almost  to  a  dry 
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m  large  quaotit/  of  pure  WAicr  is  to  be   poured  on  it ;     Cha^lV* 


and^  aftct  exposure  to  a  slight  heat|  the  whole  is  tc»  be  ^J 

poured  OR  a  filter.  The  powder  which  rematos  upon  sepmtioD  ^| 
the  filter  is  to  be  washed  repeatedly^  till  the  water  with  o*  tbciilic*,  ^ 
which  it  has  been  washed  ceases  to  precipitate  silver 
from  its  solutions.  This  powder  is  the  n/ica  which 
the  atone  that  we  are  analysing  contained.  It  mutt 
first  be  dried  between  folds  of  blotting  paper,  then  heat« 
ed  red  hot  in  a  platinum  or  silver  crucible,  and  wcigb« 
•d  as  soon  as  cold.  It  ought  to  be  a  fine  powder,  of  t 
white  colour^  not  adhering  to  the  fingers,  and  enUrrlj 
insoluble  in  acids.  If  it  be  coloured,  it  ts  contaminated 
with  some  metallic  oxide  ;  and  shows  that  the  evaporm* 
tioo  to  dryness  has  been  performed  at  too  high  a  tem* 
perature.  To  seperate  this  oxide,  the  silica  must  be 
boiled  with  an  acid,  and  then  washed  and  dried  as  be- 
fore. The  acid  solution  must  be  added  to  the  water 
which  passed  through  the  filter,  and  which  we  shall  de« 
nominate  A. 

The  watery  solution  A  is  to  be  evaporsted  till  its 
quantity  does  not  exceed  an  £nglish  pirn,  A  solution 
of  carbonate  of  potash  is  then  to  be  poured  into  it  till 
no  more  matter  precipitates.  It  ought  to  be  boiled  a 
few  moments  to  enable  all  the  precipitate  to  fall  to  the 
bottom.  When  the  whole  of  the  precipitate  has  col* 
lected  at  the  bottom,  the  supernatant  liquid  is  to  be  de- 
canted off;  and  water  being  substituted  in  its  place,  the 
precipitate  and  water  arc  to  be  thrown  upon  a  filter. 
When  the  water  has  run  offj  the  filter,  with  the  preci- 
pitate upon  it,  is  to  be  placed  between  the  folds  of  blot- 
ting paper.  When  the  precipitate  has  acquired  some 
consistence,  it  is  to  be  carefully  collected  by  an  ivory 
knife,  mixed  with  a  solution  of  pure  potash,  and  boiled 
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in  a  porcelain  capsule.     If  any  aluminm  cr  gi 
presenti  they  will  be  dissolved   in    the  poCAsh  ;  whik 
the  other  subuances  remoiti  unCouclied  id  the  form 
a  powdcfp  which  we  shall  call  B. 

Into  the  &olutioa  of  potash  as  mudi  aeid  muit 
poured  as  will  not  only  saturate  the  potash,  but  iIa 
templetcly  redissoWe  any  precipitate  which  inaj 
at  firit  appeared.  Carbonate  of  aaunonia  is  now  to 
added  in  such  qtianttty  that  the  iiqoid  sHmll  tiiie  of  it, 
By  this  addition  the  whole  of  the  alumlitft  will  he  pis* 
cipitated  in  white  ilakcs^  and  the  glacitia  will  reoiii 
dissolved^  provided  the  quantity  of  carbonate  of  iium. 
ma  used  be  not  too  small.  The  liquid  is  now  to  bcfi* 
tercd  ;  and  the  alumina  which  will  remain  oo  the  B» 
is  to  be  washed^  dried^  heated  red  hot,  and  then  wd|ii« 
ed.  To  see  if  it  be  really  aluminap  dtssolve  it  in  wi* 
phuric  acidi  and  add  a  sufficient  qoantity  of  sulphates 
acetate  of  potash  ;  if  it  be  aluminOp  the  whole  of  it 
be  converted  into  crystals  of  alum. 

Let  the  liquid  wliich  haspiissed  through  the  filter 
boiled  for  some  time ;  and  the  glncinii,  if  it  conttiai 
any,  will  be  precipitated  in  a  light  powder,  which  miy 
be  dried  and  weighed.     When  pure,  it   if  ft  fine,  li^^ 
very  light,  tasteless  powder,  which  does  not 
when  hen  led,  as  alumina  does. 

The  residuum  B  may  contain   lime,  mftgnetlB^ 
one  or  more  metallic  oxides  *.     Let  it  be  diss«dved 
weak  sulphuric  acid,  and  the  solution  evaporated  to  itj* 
oess.     Pour  a  small  quantity  of  water  on  it*     The  ws* 


eg  , 
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*  If  jTttrla  be  ititpecte^,  let  the  ruiduum  Is*  treuai  with  t 
o(  itnmontif  whkh  will  dinolte  the  yttria  and  lea  re  the  otlicr  1 
Thca  procceil  ttib^rc 
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fcr  wiJl  dissolve  the  sulphate  of  msignena  and  the  metal-  Chap.  IV. 
lie  sulphates;  but  the  sulphate  ot  lime  will  remain  un- 
dissolved, or,  if  any  portion  dissolve,  it  roaj  be  thrown 
down  by  rhe  addition  of  a  little  weak  alcohol.  Let  it 
be  heated  red  hot  in  ji  crUcible,  and  weighed*  The 
lime  amnums  to  0*4S  of  the  weights 

Let  the  soUition  containing  the  remaining  sulphates 
be  diluted  with  a  large  quantity  of  water  ;  let  a  small 
excess  of  acid  be  added  ;  and  then  let  a  saturated  car* 
bonate  of  potash  be  poured  in*  The  oxides  of  chro- 
ifiium,  iron,  and  nickel,  will  be  precipitated,  and  the 
magnesia  and  oxide  of  manganese  will  remain  dissolved* 
The  precipitate  we  shall  call  C. 

Into  the  solution  let  a  solution  of  hydrosulphuict  o(  Mangaoc^ei 
potash  be  poured,  and  the  manganese  will  be  precipita- 
ted in  the  state  of  a  hydrosulphuret.     Let  it  be  calci- 
ned in  contact  with  air,  and  weighed.     The  magnesia   jvTajnctia, 
may  (hen  be  precipitated  by  pure  potash,  washed^  ex- 
,posed  to  a  red  heat,  snd  theti  weighed « 

Let  the  residuum  C  be  boiled  repeatedly  with  nitrit  ^'*i«««iittra^ 
acid,  then  mixed  with  pure  potash  ;  and  after  being 
heated,  let  the  liquid  be  decanted  off.  Let  the  preci- 
I  pitate,  which  consists  of  the  oxides  of  iron  and  nickel, 
be  washed  with  pure  water  ;  and  let  this  water  be  added 
to  the  solution  of  the  nitric  acid  and  potash*  That  so- 
lution contains  the  chromium  converted  into  an  acid. 
Add  to  this  solution  an  excess  of  muriatic  acid,  and  eva« 
porate  till  the  liquid  assumes  a  green  colour  ;  ihert  add 
a  pure  alkali  :  The  chromiubi  precipitates  in  the  st;*tc 
of  an  oxide,  and  may  be  dried  and  weighed. 

Let  the  precipitate,  consisting  of  the  oxides  of  iroa   Iron, 
und  nickd,  be  dissolved  io  muriatic  acid  i  add  an  excess 
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wathed,  dricdi  and  weighed. 

Evspomte  the  solution^  ami  the  oxide  of  aic 
also  precipitate,  or  the  whole  may  be  preciptatej  I 
adding  hjdrosulphurct  of  ammoaia  ;  and  ill  v^ 
may  be  ascertained  in  the  same  ma^nner  ai  the  otlicrii. 
gredients* 

The  weight  of  all  the  ingredienia  obuiiK^d  an  sit 
to  be  added  together,  and  their  sum  total  compard  wA 
the  weight  of  the  matter  submitted  to  aoaljus.  Uh 
two  arc  equal,  or  if  they  differ  only  by  *03  or  *04  pn, 
we  may  conclude  that  the  analysis  baa  been  pnjrif 
performed  :  but  if  the  loss  of  weight  be  ootmdcnUt, 
something  or  other  has  been  lost.  The  analyyi  mat 
therefore  be  repeated  with  all  poasible  can?.  If  im 
is  still  the  same  loss  of  weight,  we  maj  conclaAe  (ki 
the  stone  contains  some  substance^  which  hm  cite 
evaporated  by  the  heat^  or  ii  soluble  in  water* 

A  fresh  ponion  of  the  stone  mtist  therefore  be  Wea- 
ken into  small  pieces,  and  exposed  in  a  parodaia  cm* 
cible  to  a  strong  heat.  If  it  contains  water^  mmf^ 
ther  volatile  substance,  it  will  come  over  into  tke  ii» 
ceiyer;  and  its  nature  and  weight  may  be 

If  nothing  comes  over  into  the  receiver^  or  if 
comes  over  is  not  equd  to  the  weight  wmntisigi  wev^ 
conclude  that  the  stone  contains  some  iiigredicitt 
is  soluble  in  water. 

To  discover  whether  it  contains  a^xrd  atiatij  wUd 
is  very  frequently  found  in  simple  atooes,  three  cd^ 
thods  of  analysis  have  been  followed. 

1.  The  stone,  reduced  to  an  impalpable  powder^  is 
cautiously  heated  repeatedly  with  aulphuric  md,  mi 
the  mass  digested  in  water*     This  aoluttoo,  propcri/ 


tiQ  crystals  appear,  the  solutioa  is  to  be  evaporated  to 
lirjQess,  and  the  residue  exposed  to  a  moderaie  red 
It  is  then  to  be  digested  id  water,  and  the  solo* 
mixed  with  carbonate  of  ammonia^  and  filtered.  It 
Ikiust  be  again  evaporated  to  drj^ncss,  the  residue  ex- 
posed to  a  heat  of  700**,  and  redissolved. 
lion,  by  proper  concentration,  Mil  yield  crystals,  either 
of  sulphate  of  soda,  or  of  potash,  according  to  circun^- 
stances,  and  these  arc  easily  dtstingui^thed*  Indeed  the 
J>rcseace  or  absence  of  potash  may  be  rccogi^ixed  by 
taixing  the  solution  of  the  salt,  obtained  with  a  some* 
what  concentrated  solution  of  niiro-tnuriatc  of  plati- 
hum.  If  potash  be  present,  the  usual  yellow  prtcipt* 
tate  of  muriate  of  platinum* and-pota&h  is  obtained. 

2-  The  method  described  in  the  last  paragraph  may 
be  considered  as  a  short  abstract  of  the  plans  of  ana^ 
lysis  at  first  pursued  by  Vauquelin  and  Kennedy,  to 
iSetect  and  distinguish  fixed  alkalies  contained  in  mine* 
rah.  The  following  method,  invented  by  Klaproth, 
is  much  easier.  He  fused  one  part  of  the  mineral  un> 
dcr  examination  with  four  parts  of  nitrate  of  baryles> 
in  a  porcelain  crucible.  A  spongy  mass  was  obtained, 
which  was  of  a  light  blue  colour,  and  dissolved  com- 
pletely in  diluted  muriatic  acid.  TUt  yellow  coloured 
solution  was  mixed  with  a  sufficient  quantity  of  sul- 
phuric acid,  not  only  to  precipitate  the  barytcs,  but  to 
expel  the  muriatic  acid,  and  the  liquid  was  evaporated 
to  dryness.  The  mass  was  digested  in  water,  and  theti 
thrown  upon  a  filter^     The  sulphate  of  barytes  aad  si* 
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BcmIl  ill     lica  remained  behind*     The  taludon,  which  wtt 

pidf  was  saturated  with  carbonate  of  aoQmonia,  42)dj 
tered  i  second  time*  A]l  the  earthy  sad  n>ettISc 
dies  were  now  separated,  and  Che  solution 
only  the  sulphates  of  fixed  alkali  and  aoimaiua. 
was  evaporattd  Co  dryness^  and  the  $mlt  put  iototj 
celain  crucible,  and  exposed  to  a  beat  ^ufGcienl  to^ 
the  sulphate  of  ammonta.  The  residuum  was  dtt 
in  water,  and  crystallized*  Pure  fixed  alkaline  u^ 
phate  was  obtained.  It  was  dissolved  in  waterp  lal 
decomposed  by  means  of  acetate  of  barytes*  Thew* 
lution  was  (lUercd  to  separate  tlie  sulphate  of  bigiB 
formed,  and  the  liquid  evaporated  to  dryness*  Tb 
salt  thus  obtiiined  was  acetate  of  fixed  alkslt*  It  wn 
reddened  in  a  crucible.  The  charry  residue  was  fe- 
solved  in  water,  filtered*  and  crystaUixed.  it  waiiMf* 
n  fised  alkaline  carbonatCi  easily  distiiiguisbcd  by  m 
properties  *. 

3.  The  third  method  has  been  recently  prwftM  by 
Mr  Davy,  He  fuses  one  part  of  the  mineral  radtx 
examination  with  two  parts  of  boracic  acid,  dissoAns 
the  fused  mass  in  diluted  nitric  actd»  and  concratratcs 
the  solution  to  separate  the  silica.  The  li^vid  it 
then  mixed  with  carbonate  of  ammonia  in  excess,  aod 
boiled  and  filtered.  By  this  means  all  the  earthy  and 
metallic  ingredients  arc  &cf.aratcd.  The  liquid  *ii  then 
mixed  with  a  suftkient  quantity  of  nitric  acid,  and  en- 
porated  till  the  whole  of  the  boracic  acid  sep.tntfi. 
Nothing  now  remains  but  the  nitric  ac^d,  coenbioed 
wiih  the  alkaline  coustituenl&  of  the  minrral  ^nj 


^tllTnontsi.  The  dry  saline  mass  is  freed  from  the 
nitrate  of  ammonia  by  a  htat  of  500**  ;  and  the  nitrate 
of  potash  or  soda,  which  remains,  may  ea^ly  be  re- 
cognized by  Its  properties  *- 

But  simple  stones  have  been  recently  discovered  to 
contain  fluoric  acid  ;  and  the  methods  hiiherto  described 
*  ttre  not  suiHcient  to  detect  and  appreciate  the  quantity 
of  that  substance.  The  metho(f  practised  by  Kiaproth 
ft)  delect  the  presence  of  this  acid,  is  lo  heat  the  mi* 
neraJ  conlMning  it  with  sulphuric  acid  in  a  glass  re*- 
lort.  The  corrosion  of  the  retort^  aiKl  the  siliceous 
deposite  made  on  the  water  contained  in  the  receiver, 
show  sufficiently  the  presence  of  fluoric  acid.  To  de. 
lect  its  quantity  the  mineral  is  fused  with  potash,  and 
the  silica  separated  as  usual.  The  remaining  liquid  is 
precipitated  by  means  of  carbonate  of  potash  ;  and  the 
liquid,  being  neutralized,  is  mixed  with  lime  water. 
The  precipitate  of  fluate  of  lime,  thus  obtained,  is  heat- 
ed to  redness*  He  estimates  the  fluoric  acid  contained 
in  the  mineral  at  0*4j3  of  this  fluate  of  lime  f. 

In  this  manner  may  simple  stones  and  aggregates  be 
analysed.  As  to  saline  stones,  their  analysis  must  va- 
ry according  to  the  acid  which  they  contain.  But  al- 
most all  of  them  may  be  decomposed  by  one  or  other 
of  two  methods  ;  of  each  of  which  I  shaU  give  an  ex- 
ample. 
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1.  *  Anaiysis  of  Carhonaii  of  Sirmiian, 


■  Kiaproth   analysed  this  mineral   by  dissolving   loo 

F     parts  of  it  in  diluted  muriatic  acid  :  during  the  solution 


Ofcirbo* 
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30  piru  of  carbonic  acW  ^'^'•^* 

talUzed  in  ni^cdlet  i  and  v- 

with  m  purple  flame*     Therefore  it  cooUiatd 

He  dissolved  a  grain  of  sulphate  of  |iataib  to  six  i 

of  warer,  and  let  iaU  into  it  three  drops  of  the  muriiti^' 

solution.  No  precipitate  appeared  till  ncxi  daj.  T1ieii» 

fore  the  solutioo  contaitied  oo  harjtes ;  for  if  it  Mti 

precipihTtc  would  have  appeared  immediatelT* 

,He  then  decomposed  the  miiriaiic  acid  solvtieilgp 
mixing  it  with  carbonate  of  potath*  Carbonx^  ol  tin^ 
tian  precipitated.  By  the  applicatiofi  of  a  ttroiif  ki; 
the  cJirbonic  acid  wai  driven  off.  The  whole  of  tb 
earlli  which  remained  was  diss^ved  in  water.  Ir 
taUized  ;  and^  when  dried,  weighed  (I!Iy  *• 

9*   jinafysii  0/ Su/phate  of  Sironiua, 

Vauqhelin  analysed  an  impure  specfmen  at  \hkm 
neral  ai  follows  t 

On  200  parts  of  the  miDeral^  diluted  nitric  aod^ 
poured.  A  violent  effervescence  took  place,  uni  \ 
of  the  mineral  was  dissolved.  The  undis^oh'ed  pmtta, 
after  being  heated  red  hol^  weighed  le^l.  ThmAfe 
S3  parts  were  dissolved. 

The  nitric  solution  was  evaporated  to  drjoeai  K 
reddish  substance  remained p  which  indicated  the  ptr. 
sence  of  oxide  of  iron.  This  substance  wras  redaaiblM 
in  water»  and  some  ammonia  mixed  with  it  ;  a  reddiik 
precipitate  appeared,  which^  when  dricd^  weighed  cae, 
and  was  oxide  o^  iron.  The  remainder  of  the  aoiufioQ 
was  precipitated  by  c^arbonate  of  potasb*     TJic  precip. 
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bed,  when  dried,  20,  and  panessed  ibc  pro.    Chap,  f V, 


perties  of  carbonate  of  lime.  Therefore  200  parts  of 
this  mineral  contain  20  of  carbonate  of  lime,  one  of  ox- 
ide of  iron,  and  the  remsiinder  of  the  31  parts  he  con- 
cluded to  be  water. 

The  167  parts,  which  were  insoluble  in  nitric  acsd» 
were  mixed  with  500  parts  of  carbonate  of  potash  and 
7000  parts  of  water,  and  boiled  for  a  considerable  tioie. 
The  solution  was  then  filtered,  and  the  residuum  wash- 
td  and  dried*  The  liquid  scarcely  effervesced  with  a- 
dds ;  but  with  barjtes  it  produced  a  copious  precipi*- 
Ute,  totally  indissoluble  in  muriatic  acid.  Therefore  it 
contained  sulphuric  acid* 

The  undissolved  residuum,  when  dried,  weighed  129 
parts.  It  dissolved  completely  in  muriatic  acid.  The 
solution  crystallized  in  needles  ;  when  dissolved  in  al« 
cobol,  it  burnt  with  a  purple  flame ;  and,  in  short,  bad 
all  the  properties  of  muriate  of  strootian.  Therefore 
these  129  parts  were  carbonate  of  strontian.  Now,  100 
parts  of  this  carbonate  contain  30  of  carbonic  acid  i 
therefore  129  contain  38'7.  Therefore  the  mineral 
must  contain  in  200  parts  60*3  of  strontian. 

Now,  the  insoluble  residuum  of  IGI  parts  was  pure 
sulphate  of  strontian  ;  and  we  have  seen  that  it  con- 
tained D0*3  of  strontian.  Therefore  the  sulphuric  acid 
must  amount  to  16*7  parts  *. 

Nearly  in  the  same  manner  as  in  the  fi^rst  of  these 
examples  may  the  analysis  of  carbonate  of  lime  and  ba* 
lytes  be  performed  ;  and  nearly  in  the  same  manner 
with  the  second  we  may  analyse  the  sulphates  of  lime 
and  barytes* 
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Book  nj.  ^osphate  of  lime  may  be  dissolved  in  muriatic  icU, 
the  cxcf  ss  of  acid  may  be  driven  off  as  far  as  posnbk, 
and  the  lime  precipitated  by  oxalic  acid  ;  and  tbeoxahk^ 
calcined  in  a  platinum  crucible,  leaves  the  lime.  Tk 
liquid  solution  may  be  evaporated  to  dryness,  and  dm 
melted  to  a  glass,  which  will  give  as  the  weight  of  de 
acid. 

riuatet»  The  fluate  of  lime  may  be  mixed  with  sulphuric  add 

and  distilled.  The  fluoric  acid  will  come  over  in  ik 
form  of  gas.  What  remains  in  the  retort,  which  wil 
consist  chiefly  of  sulphate  of  lime|  may  be  analysed  \j 
the  rules  already  laid  down. 

Borates.  The  borate  of  lime  may  be  dissolved  in  nitric  or  sul- 

phuric acid  :  The  solution  may  be  evaporated  to  drjr* 
ness,  and  the  boracic  acid  separated  from  the  residnom 
by  means  of  alcohol,  which  will  dissolve  it  without  set* 
ihg  on  any  of  the  other  ingredients*  The  remainder  of 
the  dry  mass  may  be  analysed  by  the  rules  laid  dowfi 
in  this  Section. 


SECT.  IL 


OF   THE   ANALYSIS   OF  COMBUSTIBLES. 

1 HC  only  combustibles  of  who$e  analysis  it  will  b? 

necessary  to  speak  are  coals  and  sulphur  ;  for  the  me> 

thod  of  analysing  the  diamond  and  oil  has  already  been 

given  in  the  First  part  of  this  Work. 
inar'^**^         Coal  is  composed  of  charcoal,  bitumen,  and  some 
coal.  portion  of  eartli.     The  earths  may  be  detected  by  bum- 


Ing  completely  a  portion  of  the  coal  to  be  analysfflf    Chap,  iv.^ 

The  ashes  which  remain  after  incincralion  consist  of 

the  canbj  part.     Their  nature  may  be  ascerlaitied  by 

the  rules  laid  down  in  Sect.  I.  of  this  Chapter, 

'     For  the  method  of  ascertaining   ihe  proportion  of 

^charcoal  and  bitumen  in  coaJ,  we  are  indebted  to  Mr 

Kirwan. 

When  nitre  is  heated  red  hot,  and  charcoal  is  thrown 
00  it,  a  violent  detonation  lakes  place  ;  and  if  the  quan- 
tity of  charcoal  be  sufficient^  tlic  nitre  is  completely  de- 
o^mposed*  Now,  it  requires  a  certain  quantity  of  pure 
charcoal  to  decompose  3  given  weight  of  nitre.  From 
the  experiments  of  Lavoisier,  it  follows,  that  when  the 
detonation  is  performed  in  close  vessels  under  water^ 
^iS'21  parts  of  charcoal  arc  capable  of  decomposing  100 
parts  of  nitre  *.  But  when  the  detonation  is  perform- 
ed in  an  open  crucible,  a  smaller  proportion  of  charcoal 
^is  necessary,  because  part  of  the  nitre  is  decomposed  by 
the  action  of  the  surrounding  air.  Scheele  found,  that 
under  these  circumstances  10  parts  of  plumbago  were 

tmifficient  to  decompose  06  parts  of  nitre  ;  and  MV  Kir- 
wtn  found,  that  nearly  the  same  quantity  of  charcoal 
was  sufHcieni  for  producing  the  same  cfFect. 
Macquer  long  ago  observed  that  no  volatile  oily 
matter  will  detonate  with  nitre,  unless  it  be  previously 
reduced  to  a  charcoal  ;  and  that  then  its  e0ect  upon 
nitre  is  precisely  proportional  to  the  charcoal  which  it 
contains +.  Mr  Kirwan,  upon  trying  the  eatpenment 
with  vegetahie  pitch  and  maltha,  found  that  these  sub- 
fiances  did  not  detonate  with  nitre,  but  merely  buro 
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BnakiiL  i^K>n  its  suFface  with  a  white  or  yeUow  flame;  ai 
that  after  tliey  were  consumed>  nearlj  the  same  qiok 
tily  of  charcoal  was  nccesaarj  to  decompose  the  mm 
which  would  have  .been  rehired  if  no  bitumca  U 
been  used  at  all*.  Now  coals  are  chiefly compotd 
of  charcoal  and  bitumen.  It  occurred  therefoxe  to  Mr 
Kirwan,  that  the  quantity  of  chareoal  which  anj  ood 
contains  may  be  ascertained  by  detonating  it  withoitR: 
For  since  the  bitumen  of  the  coal  has  no  effect  iafc 
composing  nitre,  it  is  evident  that  the  detooaticaal 
decomposition  must  be  owing  to  the  charcoal  of  dR 
coal ;  and  that  therefore  the  quantity  of  coal  nccesBq 
to  decompose  a  given  portion  of  mtre  will  iodicatc  tk 
quantity  of  carbon  which  it  contains  :  and  the  pn|Nr» 
tion  of  charcoal  and  earth  which  any  coal  coolMi 
•  being  ascertained,  its  bituminous  part  may  be  ealy 
had  from  calculation. 

The  crucible  which  he  nsed  in  his  experimenti  m 
large ;  ic  was  placed  in  a  wind  fiimac^e  at  a  ditfiaa 
from  the  flue^  and  the  heat  in  every  experiment  wai  as 
equal  as  ^^ossiblc.  The  moment  the  nitre  was  red  hot, 
the  coal,  previously  reduced  to  small  pieces  of  the  size 
of  a  pin  head,  was  projected  in  portions  of  one  or  two 
grains  at  a  time,  till  the  ni^e  would  no  longer  detonate; 
and  every  experiment  was  repeated  several  times  to 
ensure  accuracy. 

He  found  that  480  grains  of  nitre  required  50  gnins 
of  Kilkenny  coal  to  decompose  it  by  this  method. 
Therefore  10  grains  would  have  decomposed  9Q  of 
nitre  ;  precisely  the  quantity  of  charcoal  which  wooU 
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lire  produced  the  same  effect.    Tbereforc  Kilkenny    Chip.  IV* 
is  composed  almost  entirely  of  cbarcoaL 
Caxinel  coaU  when  incmeratcdt  left  a  re&iduuxn  of 
*12  in  the  100  parts  of  earthy  ashes,     06*5  grains  of 
;  were  required  to  decompose  480  grains  of  nitre  ;  but 
parts  of  charcoal  would  have  been  sufficient :  ihcre. 
^re  66-5  grains  of  cannel  coal  contain  50  grains  of  char- 
[>al  and   2*08  of  earth  ;  the  remaining  ]4*42  grains 
|ust  be  bitumen.     In  this  manner  may  the  composition 
'  any  other  coal  be  ascertained* 
As  for  sulphur,  in  order  to  ascertain  any  accidental 
spur i ties  with  which  it  may  be  contanunated,  it  ought 
be  boiled  in  thirty  limes  its  weight  of  water,  aftex^ 
rds  in  diluted  muriatic  acidj^  and  lastly  treated  with 
i^tro-muriatic  acid.     These  substances  will  deprive  it 
'  aU  its  impurities  without  acting  on  the  sulphur  itself 
least  if  the  proper  cautions  be  attended  to*     The 
lulphur  may  then  be  dried  and  weighed*     The  defi- 
ncy  in  weight  will  mark  the  quantity  of  tlie  sub- 
tices  which  cootaminate  the  sulphur.     The  solutions 
fLj  be  evaporated  and  examined,  according  to  the 
les  laid  down  in  the  First  and  Third  Sections  of  this 
aapter. 


SECT.  IIL 


AKALT8IS  OF  OIIE&* 


.  HE  diversity  of  metallic  ores  is  so  great,  that  no  ge-  ^^  vtMnl 
I  iieral  method  of  analysis  can  be  given.     Let  us  theTe<-  mctSai 
re  follow  the  different  orders,  one  by  one,  and  point 
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mature,  contaimng  not  fewer  than  eight  tDetals»  and 
K)mt;time&  even  more.  These  are  mercury,  E^^^t  P^^- 
Attniy  iron,  palladium,  rhodmm,  osroium,  and  iridium* 
The  mercury  may  be  driven  off  by  heat,  and  the  gold 
Lhen  becomes  visible,  and  may  be  picked  out,  as  It  is 
grains  merely  mixed  with  the  others.  The  iron 
lata,  in  part  at  least,  in  the  state  of  tron-sand^  and  may 
e  separated  by  the  magnet.  The  portion  combined 
l^ith  the  platinum,  if  there  be  any  such,  is  not  ao  easily 
parated.  The  ore  thus  purified  is  mixed  with  di* 
luted  nitro-muriaticacid,  which  dissolves  the  rest  of  the 
0old.  Strong  nitro-muriatic  acid,  assisted  by  heat,  dis- 
solves the  platinum,  the  palladium,  and  the  rhodium. 
Xbe  black  powder  and  the  metallic  scales  which  remain 
tmdissolved  are  composed  of  osmium  and  iridium, 
which  may  be  separated  by  the  alternate  action  of  poi* 
ssh  and  muriatic  acid.  No  good  method  is  known  of 
aeparating  the  portion  of  these  metals,  which  dissolves 
along  with  the  platinum  without  loss.  The  platinum 
as  precipitated  by  a  concentrated  solution  of  muriates  of 
mmonia,  and  the  palladium  by  a  solution  of  prussiate 
of  mercury.  The  rhodium  is  obtained  by  adding  com- 
non  salt  to  the  solution  thus  freed  from  the  other  metals, 
evaporating  to  dryness,  and  digesting  the  dry  mass  in 
ilcohol.  For  a  fuller  account  of  these  processes,  the 
eader  is  referred  to  the  dissertations  of  Wollaston, 
LTennant,  Desfontaincs,  Fourcroy,  and  VauqueJin  *• 
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Orgs  of  Silver n 
rhe  analysis  of  the  ores  of  silver  has  been  always 


•  Sec  theie  dias«rutioiit  quoted  m  VoL  L  of  thi*  Work«  und^  tb« 
head  of  the  retpective  mctik 
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lodcconposed  suJphureti  to  be  treated  at  nt  first.    The    Chip.  IV. 
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er  IS  ta  be  precipitated  bj  commoa  salt ;  and  the 
itbcr  metals,  if  any  be  present,  may  be  asceitaioed  as  j 

ibove.     Part  of  the  sulphur  ts  always  acidified.     The  ^ 

Mid  thus  formed  may  be  precipitated  by  nitrate  of  ba- 
ry  tc3,  100  paru  of  the  dried  precipitate  indicating  about 
4*5  of  sulphur*. 
4#  Anticnoniated  silver  ore  was  analysed  by  Klaproth  Anttmonia- 
ifi  the  following  manner  :  100  parts  of  it  were  bailed  ^'^"^'^'" 
m  diluted  nitric  acid.  The  residuuiDj  washed  and  dried^ 
was  20.  These  20  were  digested  iq  nitro>muriatic  a« 
cid.  The  residuum  now  weighed  13  (ao  that  13  had 
been  dissolved)^  12  of  which  were  aulphur,  and  burnt 
^«trayy  leaving  behind  them  one  part  of  siJica.  The 
oitro*muriatic  solution,  when  diluted  largely  with  wa- 
teri  let  fail  a  precipitate  which  weighed  13  (or  10  of 
51^  pure  antimony),  and  had  Uie  properties  of  oxide  of  an^ 
H  timony  i  for  they  did  not  evaporate  till  heated  to  red* 
jP  nesSf  but  at  that  temperature  were  dissipated  in  a  grey 
smoke. 

The  nitric  solution  was  green.  Common  salt  occa- 
sioned a  precipitate  which  weighed  8T15,  equivalent 
to  65*&1  of  pure  stiver.  After  tlie  separation  of  this 
murtate  of  silver,  sulphate  of  soda  occasioned  no  prec^ 
pilate.  Therefore  the  solution  contained  no  lead*  When 
supersaturated  with  soda,  a  grey  precipitate  fell,  weigh* 
iog  five  parts.  On  burning  coals  this  precipitate  gave 
<>at  an  arsenical  smell.  It  was  redissolved  in  nitric 
acid ;  sulpbureted  alkali  occasioned  a  smutty  brown 
precipitate  «   and  prussic  alkali  a  prussian  blue,  which) 
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after  correfaction,  was  migpttic*  HeAce  lie  coc^i^^ 
ihftt  these  five  parts  wefe  a  coeubUiaiicMi  of  inn  aodo^ 
seme  acid. 

The  nitric  sdotioe  which  Iia4  bersi  &ii|»enat«aitl 
with  anunotiia  was  blue  ;  he  therefore  su^pect^ tkss 
CQiitaintd  eopper*  To  discover  thii^  be  satunuj  t 
with  sulphuric  acid,  and  put  into  it  a  poUshod  plasiii 
irau.  The  quantity  of  copper  vems  so  small^  tlistiiit 
could  be  collected  on  the  iroo  ^* 

Blick  lilver       S«  Black  silver  ore  may  be  atialjrsrd  as  No.  i.  iqii. 

^*^*  rating  the  copper^  if  any  be  prc&etst,   by   tneastiof  a 

iron  platc^  and  citiroating  the  carbonic  acid  ibit  eicipi 
when  the  ore  is  heated  or  dissolved  id  nitric  actd. 

6.  Red  silver  ore  was  analysed  by  VanqudiD  in  the 
fbUowing  nnanner  ;  One  hundred  parca  of  it  wertdi* 
gesitd  in  500  parts  of  nitric  acid  prvr^iooily  &taei 
with  water  f*  The  undissolved  residuum^  bong  warft 
ed  and  dried,  weighed  42*0i$.  Being  treated  wttii  m§* 
riaiic  acid,  it  was  all  dissolved  except  ]4'tV0  pm% 
which  were  sulphur*  The  muriauic  soltsltoo,  wIms^ 
luted  with  a  great  qu^intity  of  water,  defKmted  a  irUhr 
powder,  which  weighed  21*259  and  wai  oxide  of  ai^ 
mony.  The  nitric  acid  solntioti  remained  s4ill  lali 
examined.  Muriatic  acid  occasionrd  a  heavy  picdp^ 
tate^  which  weighed  751*60  parts,  and  which  whido. 
riate  of  silver*  Reagents  showed  that  the  arid  nimd 
no  other  substance  in  solution  t* 

Murjite»  H.  Muriate  of  silver  was  analysed  by  Klaproih  tail 
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•  Ktapmth'i  SfUra^^  t.  i6j. 

f  N6  rflcrvctccnce  occurred  during  tbo  mXoMltmi  Affoof  Hmtmwf^ 
tali  exiitcd  in  the  ore  m  the  Mate  of  oxidei^ 
I  Jmir,  dt  Mfft.  No«  zYii,  p,  S>  -  • 


i^lbllowing  manner:  One  hundred  parU  of  it  were  mix-    C^JP* ^»^ 

cd  with  ihricc  ihcir  weight  of  pure  carbonate  of  potash^ 
^ssd  mehed  together  in  a  glass  retort.  The  mass  was 
dissolved  in  water,  and  the  solution  filtered,  A  resi- 
duum remained,  which  was  dissolved  in  nitric  acid« 
with  the  exception  of  a  red  powder  j  which,  treated 
'with  ni tro* muriatic  acidt  was  dissolved,  except  a  little 
ttturiate  of  silver,  which,  when  reduced,  yielded  *5  of 
pore  silver »  Ammonia  precipitated  from  the  nitro- 
nmriauc  solution  2*5  parts  of  oxide  of  iron.  The  ni** 
trie  solution  was  precipitated  hy  common  salt ;  the  mtu 
jriate  of  silver,  thus  obtained^  j^ielded,  when  reduced, 
1'25  of  pure  silver. 

The  original  aqueous  solution  of  the  alkaline  mass 
saturated  with   acetic  acid,  on   which  it  deposited 
'5  parts  of  alumiaa.    The  solution  was  evaporated  to 
'dryness,  and  the  dry  mass  treated  with  alcohol,  which 
olved  the  acetate  of  potash.  The  residuum,  amount* 
ing  to  58' 15  parts,  was  dissolved  in  water  ;  and  being 
treated  with  muriate  of  barytes,  15  parti  of  sulphate  of 
arytes  precipitated,  indicating  the  presence  of  about 
'*5  of  sulphuric  acid,  or  0**I5  sulphate  of  potash.     The 
ir«maining  58  parts  were  muriate  of  potasb|  indicatbg 
itiout  21  parts  of  muriatic  acid  *» 

4,     Ores  ^f  Mfrtitry^ 

1,  Native  mercury  and  amalgam  may  be  dissolved  in   NatiTf! 
litric  acid*    The  gold,  if  any  be  present^  remains  in  the 
^  state  of  powder,   and  may  be  estimated  by  its  weight* 
The  aifusion  of  water  precipitates   the  bismuth,  if  the 
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It  may  be  dissolved  in  nitric  acid  ;  the  gold  rc-  CK<]v  ry. 
tnains  in  the  state  of  a  blackish  or  rather  violei  colour- 
ed powder;  ilic  silver  may  be  separated  by  a  polished 
plate  of  copper  (or  it  may  be  precipitiited  frotn  a  sep3* 
rate  portion  of  the  solution  by  common  salt)  j  the  iron 
tnay  be  separated  by  bailing  (he  solution  to  dryoess,  and 
Ureating  the  residuum  with  water.  By  this  process,  the 
nitrate  of  iron  is  decomposed  ;  the  oxide  of^iron  remain Sp 
while  the  water  dissolves  the  nitrate  pf  copper  *.  This 
last  salt  may  be  decomposed  by  boiling  it  with  potash  : 
the  precipitate,  dried  in  a  red  heatt  ^^  black  oxide  of 
copper.  One  hundred  parts  of  it  denote  So  of  metallic 
copper +. 

-  2.  Sulpbtiret  of  copper  mnj  be  dissolved  In  rpurjacic  Sulpbut^Cg 
acid  by  ih*p  help  of  nitric  acid;  Part  of  ibe  sulphur 
separates^  part  is  acidified.  The  solution  being  divided 
into  two  parts  ;  from  the  one  the  copper  may  be  preci* 
pitated  by  an  iron  plate,  and  from  the  other  the  iron 
by  ammonia  t-  The  variegated  copper  ore,  and  copper 
pyrites,  yield  to  the  same  mode  of  analysis. 

3.  Grey  ore  of  copper  w;t5  thus  analysed  by  Kla*  Grtfcop* 
|>roth.  Heated  to  redness  in  a  retort,  the  sulphur  and  ^  *^* 
arsenic  w*erc  driven  off*  The  sublimate,  being  weigh- 
ed^ w^as  digested  in  potash,  which  separated  the  sul- 
phur, and  left  the  arsenic.  The  roasted  ore  was  then 
dissolved  in  nitric  acid,  except  a  small  portion  which 
yielded  to  muriatic  acid.  These  solutions  being  mix- 
ed, a  little  muriate  of  silver  fell,  which  was  separated 
and  reduced^  The  solution,  mixed  with  sulphuric  acid, 
liras  evaporated  to  dryaets,  and  redt^solved  in  water. 
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Ammoait  thjrew  down  the  ifoo  froin  thti  ^olauoOi  ni 
m  pUt€  of  zinc  the  copper  ^. 

i.  Red  copper  ore  has  only  to  be  dissolved  is  tn^ 
rifttic  «cid|  mnd  the  copper  precipitated  hy  mpltMof 
tTOT)  ;  88  parts  of  the  precipitated  copper  being  d^air^ 
lent  to  I  ou  of  the  orange  oxide  of  which  the  ore  b  ca^ 
posed. 

5*  The  ftnal^'siK  of  the  oxides  and  carbonafn  of  ca^ 
pet  scarce]/  requires  anj  remarks.  The  water  mk 
carbonic  acid  mutt  be  estimated  b^  disiillatioii  b  das 
vessels,  and  collecting  the  products*  The  ore  mtfim 
be  dissolved  in  nitric  acid^  and  its  copper  aseernmd 9 
above. 

6*  Araeniate  of  copper  was  analjsed  by  Mr  Cbeir. 
vix  in  the  following  manner  :  The  ore  wasdiisoWia 
diluted  nitric  acid»  and  nitrate  of  lead  poured  in*  Tht 
solution  was  evaporated  till  a  precipitate  began  taifk 
pear,  and  then  mixed  with  alcohol.  Araeniate  of  M 
precipitated.  One  hundred  parts  of  this  salt  sxi£ait 
33  of  arsenic  acid.  The  copper  warn  separated  km 
the  nitric  aeid  bjr  boiling  it  with  potash  f . 

Notwithstanding  the  great  variety  of  iron  orcsitbtr 
may  be  all,  as  fiit  as  analysis  is  concerned,  arraonf 
tsndcr  three  heads ;  namely,  1.  Sulphoreta  ;  2.  Oridfs, 
and,  S«  Salts. 

1.  Pyrites,  or  sulphureted  iron,  may  be  ireaiea  r«. 
peatedly  with  boiling  nitric  acid  till  the  sulphiir  is  id. 
dified.     Muriatic  acid  is  then  to  be  added^  aod  thedi. 
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^stion  coDlidued  till  the  whole  be  dissolved  *.  Muriate 
of  barjtes  is  then  to  be  added  to  precipit*itc  the  sulphu- 
ric acid  )  100  of  the  dried  precipitate  indicates  14'5  of 
sulphur.  If  the  solution  contains  only  iron,  it  may  be 
precipitated  by  carbonate  of  soda,  calcined  to  redness, 
and  weighed.  But  if  earths  or  tnanganese  be  present, 
we  must  proceed  by  the  rules  laid  down  in  the  First 
Section  of  this  Chapter. 

2.  If  the  oxides  of  iron  be  pure,  that  is  to  say,  con-  Oude*, 
tain  nothing  but  iron,  we  hare  only  to  dissolve  them 
In  muriatic  acid,  and  precipitate  them  as  above.  But  it 
is  very  seldom  that  ores  possess  this  perfect  degree  of 
purity.  The  iron^is  usually  combined  with  manganese, 
alumina^  silica,  or  with  all  of  these  together.  The  an- 
alysis is  to  be  conducted  exactly  according  to  the  rules 
laid  down  ia  the  First  Section  of  this  Chapter. 

3.  The  sparry  iron  ore  may  be  analysed  ia  the  same 
manner,  excepting  only  that  4he  carbonic  acid  gas  must 
be  separated  by  distillation  or  solution  in  close  vessels, 
sad  estimated  by  the  rules  laid  down  in  the  Fourth 
Chapter  of  the  last  Book  f. 

4*  Arseniatc  of  iron  was  analysed  by  Mr  Chcnevixin  Anemat«, 
the  following  manner :  One  hundred  parts  of  it  were 
boiled  with  potash  till  the  arsenic  acid  was  separated. 
Nitrate  of  lead  wasmijLed  with  4he  solutian  i  lOO  parts 
of  the  precipitate  indicated  33  of  arsenic  acid.  That 
portion  of  the  or^  which  eluded  the  action  of  the  potash 
ivas  treated  with  muriatic  add  ;  the  iindissolved  rcsi> 


*  If  any  itUceotts  gangue  be  mixed  with  the  one,  ikf  ccmrie  it  will  re* 
«niiii  wuliMoWei},  and  niuit  be  analysed  accordiDg  to  the  rulei  Uid  dowB 
in  the  Ftnt  Section  of  thiB  Chapter* 
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Bookltt^  duam  was  silica.  The  muriatic  acid  was  supersstarv 
ted  with  ammonia. «  Tlie  iron  precipitated  }  but  the 
copper  was  dissolved  by  the  ammonia  *• 

7.    Ores  of  Xin. 

For  the  method  of  analysing  the  ores  of  tin  we  «t 
indebted  sol.^ly  to  Klaproth  ;  the  xnode  of  analjsii  iadi. 
cated  by  Bergman  does  not  succeed, 

ftttlphuKCi  1.  The  sulphuret  of  tin  was  thus  analysed  bjKh. 
proth  :  120  parts  of  the  ore  were  digested  withaimi. 
mnriaiic  acid.  43  parts  remained  undissolved.  Ofthetc, 
SO  burnt  away  with  a  blue  flame,  and  were  suiphar^  of 
the  remaining  l  s,  eight  dissolved  in  nitro-muriatictcid. 
The  undissolved  five  were  heated  with  wax,  andyiddei 
a  grain  of  iron  attracted  by  the  magnet*  The  rest  vu 
a  mixture  of  alumina  and  silica.  The  nitro-m&riatic 
solution  was  completely  precipitated  bjr  potash,  sod  the 
precipitate  redissolved  in  nturiatic  acid.  A  cylinder  of 
tin  precipitated  44  parts  f  of  copper  froq;i  this  sobdoa, 
and  lo>t  it^clf  89  parts  of  its  weight.  A  cylinder  of 
zinc  precipitated  130  parts  of  tin;  so  that,  deducting 
the  89  parts  of  tin  dissolved  during  the  precipitation  of 
the  copper,  41  remain  for  the  tin  contained  in  the 
ore  J. 

'fin»toBc.  *  -•  Tinstone  was  thus  analysed  by  the  same  celcbn- 
ted  chemist.  Or.e  hundred  parts  of  the  ore  were  heat- 
ed to  redness,  with  (500  pwrts  of  potash,  in  a  silver cra- 
cible  ;  and  the  Tiixture  being  treated  with  warm  water, 
11  parts  remained  undissolved.     These  11,  by  a  rcpc- 
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t  One  pnrt  el  this  was  fount!  to  he  tin,  by  dige>.tlng  it  in  nitric  acll 
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lion  of  itic  treatment  with  potash,  were  redaced  to  Cha^.  TV. 
^ih.  This  small  residuum  dissolved  in  mtirlalic  acid, 
^£inc  precipitated  from  ihc  solurion  aoe-half  part  of  tin, 
td  the  Prussiian  alkali  gave  a  blue  precipitate,  which 
idicated  onc-fourth  part  of  iron. 
The  aJkaltne  solution  was  saturated  with  muriaTie 
;!d  ;  a  white  prrcipitate  appeared,  but  it  wasTcdissoK 
cd  by  adding  more  acid.  The  whole  was  precipilated 
J  carbonate  of  soda.  The  precipitate,  which  had  a  yet- 
wish  colour,  was  redissolvcd  in  muriatic  acid  .  and  si 
yiindcr  of  rinc  being  inserted  into  the  solution,  n  of 
n  were  obtaioedi  indicating  nearly  PS  pans  of  oxide 
f  tin*. 

8,   Orts  of  Lead* 

1.  Sulphuret  of  lead  usually  contains  a  little  silver,  SuTphunr, 
nd  sometimes  also  antimony  and  ziiic«  It  may  be  treat* 
with  diluted  nitric  acid,  which  leaves  only  the  sul- 
phur undissolved,  the  weight  of  which  is  to  be  taken, 
and  its  purity  determined  by  combustion.  If  antimony 
be  present,  it  will  either  remain  in  the  state  of  a  white 
oxide,  or,  if  dissolved,  it  will  be  precipitated  by  diluting 
the  solution  with  water.  Muriatic  acid  is  to  be  add. 
cd,  and  the  solution  evaporated  till  it  is  reduced  to  a 
small  portion.  Muriate  of  lead  and  of  silver  precipi- 
tate. The  first  of  these  may  be  dissolved  in  boiling 
water,  the  second  remains  insoluble.  Westrumb  sepa- 
rated the  muriate  of  silver  by  digesting  the  precipitate 
with  ammonia.  The  liquid  from  which  the  muriates 
^ere  separated  may  contain  iron^  zinc,  cupper.     The 


•  t^'ttrm^w,  iL  354. 


^«ld 


ARAi^Tiii  or 


tin* 


Afiesuie^ 


&tt1ipwt«, 


ifOR  wmj  he  prectpiuted  b]r  tmiDoaia  ttdded  mexoa, 
the  copper,  by  m  pUte  of  if,mc  :  the  liitc  muj  be  pnc 
pitated  bj  carbonate  of  sodai  redoced  to  tbenwulii 
state,  and  weighed  ;  subtracting  what  had  bttai^«i. 
ted  from  the  plate  of  zinc* 

2.  Arsentated  lead  was  thus  a^nalyscd  bj  Va^. 
lin;  100  parts  roasted  for  half  sn  hour^  andocoM. 
ally^  treitted  with  a  Utile  tallow,  lost  30  ptrti,«liil 
were  considered  as  oxide  of  arsenic*      The  reautaew 
treaced  with  concentrated  mnriattc  acid,  andboilelbii 
for  a  quarter  of  an  hour*     The  liquid  asanaicsd  •  xd 
colour,  and  emitted  abundance  of  ox j muriatic  add  gis. 
A  white  ncedleform  salt  waa  dcpoaitcd,  and  teaie  ctk 
was  obtained  by  evaporation*      This  sally  di»elfed  in 
water,  and  treated  with  aulphate  of  soda,  ykUed  25 
parts  of  sulphate  of  lead,  ^  2(1*2  parts  cxf  leaA^   Tbe 
liquor  thus  freed  from  lead  waa  treated  with  uninti* 
The  precipitate  obtained  weighed   59  paria«    It  cm* 
silted  of  oxide  of  iron  mixed  with  oxide  of  anout* 
The  production  of  oxjrmuriatic  acid  induced  Vaaqoe* 
Irn  to  consider  the  lead  as  in  the  state  of  peroiide*« 

B«  Carbonate  of  lead  was  thus  analjraed  by  Uapcatb^ 
One  hundred  grains  were  thrown  into  200  gnm  d 
nitric  acid  diluted  with  300  grains  of  water*  hdtMoi- 
Tcd  completelj  with  eJFervescence.  The  loasof  wti{b 
was  10  grains.  It  was  equivalent  to  the  carbonic ac^. 
The  solution^  which  was  colourlessp  waa  dtloted  aitii 
water,  and  a  cylinder  of  sine  put  into  it*  la  24  bean 
the  lead  was  precipitated  in  the  metallic  alaia*  U 
weighed  11  grains,  =  82  grains  oxide* 


¥MM.i,aim.^$$. 


If  muriatic  acid  be  suspected,  it  mty  be  easily  detect- 
kdt  and  its  weight  H&ccruined  bj  means  of  nltraie  of 
silver, 

4*  Sulphate  of  lead  was  ihua  analysed  by  Klaproth ; 
Ooe  hundred  grains  of  the  ore,  heated  to  redness,  lost 
two  grains,  which  were  considered  as  water*  It  was 
then  mixed  with  400  grains  of  carbonate  of  potash,  and 
heated  to  redness  in  a  platinum  crucible.  The  reddi^ 
yellow  mass  thus  obtained  was  digested  in  water,  and 
the  whole  thrown  on  a  filter.  The  oxide  of  lead  thus 
obtained  weighed  12  grains.  It  was  dissolved  in  dilu- 
ted nitric  acid.  One  grain  of  oxide  of  iron  remained 
behind.  Into  the  solution  a  cylinder  of  s^inc  was  put. 
The  lead  thrown  down  weighed  66^  grains.  The  al- 
kaline solution  was  supersaturated  with  nitric  acid,  and 
then  treated  with  acetate  of  barytes.  The  sulphate  of 
barytes  obtained  weighed  73  grains,  which  Klaproth 
considers  as  indicating  25  grains  of  sulphuric  acid  *• 

5-  Phosphate  of  lead  was  thus  anal3rscd  by  Klaproth  : 
One  hundred  grains  were  dissolved  in  diluted  nitric  acid. 
Nitrate  of  ailver  dropt  into  the  solution  formed  a  preci* 
pitate  weighing  ll  grains,  ^r  1*7  grain  muriatic  acid. 
The  solution  was  mixed  with  sulphuric  acid.  The  sul- 
phate of  lead  precipitated  weighed  106  grains,  =  78*4 
oxide  of  lead.  The  solution  was  freed  from  sulphuric 
acid  by  means  of  nitrate  of  barytes,  and  then  almost 
neutralized  with  ammonia.  Acetate  of  lead  was  then 
dropt  in.  The  phosphate  of  lead  which  precipitated 
weighed  82  grains,  :=.  18*37  phosphoric  acid*  The  so. 
)utioQ  was  now  mixed  with  muriatic  acid,  evaporated 
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^Bp^IH*     fo  dryness,  tnd  the  drj  ma«s  washed  in  ttleolu 

alcaholy  when  evaporated,  Mt  a  small  residue,  wliA 
dfisolvtd  in  wticfi  tnd  formed  PruJtAUUi  blue  with  poi. 
&iate  of  potash.  It  comtiincd  aboat  ^^  gtmin  of  aiide 
of  iron  *• 

M«|}bd*te*        6*   Molybdt»te  of  lead   ti:ii  thu«  smtljried  by  Mi 
Hfttdiett.     The  ore  was  boiled  r  ^*y    ^^^  •»!• 

phuric  acid  till  the  acirt  refused  ti*  t*.>^oive  Mnr  nrnt. 
The  solution  contaiticd  the  inolybdic  acid.     The  tm* 
dis&oUed  powder  (sulphate  of  lead)  was  bojkd  f^ 
hour  with  carbonate  of  ^odu,  and  ilieti  washed, 
trie  acid  now  dissolved  it,  except  a  liille  iilici. 
lead  was  precipiiated  from  thri  solnttoti  by  ^iflp^mic 
acid)  afier  which  ammonii  separmed  a  litt* 
iron«     The  sulphuric  acid  solotton  wm%  dfTot:  ^ 
parts  of  water,  and  saciuated  with  amm'nnn 
ozide  of  iron  gradualty  precipitated*      The  aolutioa 
row  evaporated  to  dryness,  and  the  mass  sfrr 
ed  to  separate  the  sulphate  of  ammonia,      7  i,.   ,^> 
um  repeatedly  treated  with  nitric  acid  was  con 
into  yellow  molybdic  acid* 

No  exact  niethod  ^f  analysing  the  orea  0f  olcke! ! 
as  yet  been  published. 
Cflpef  1*  Copper  nickel  may  be  dissolved  m  nunc  aoe, 

'         which  the  greatest  part  of  the  sulphur  will  be  see 

ted.     The  afienic  may  be  afterwards  preeipitHed  hj 
the  affusion  of  water-     A  plate  of  iron  will  expel  tfi 
copper,  if  any  be  present.     Precipitate  by  potash 


ia  txcc%%,  and  boil  tbe  preeiplttte,  which  will  sepa*-    Chj^«  ly. 

r«i€  the  arsenic  and  sulphur  completely*     Dissolve  ihc  ^ 

precipitate  (previously  exposed  moist  for  some  time  to 

the  air)  in  acetic  acid^  and  add  an  excess  oi  ammonia. 

Xhe  iron  is  precipitated  ;  but  the  cobalt  and  nickel  re* 

]»ftin  in  solution*     Evaporaiep  and  the  cobalt  is  depo* 

cd  I  then  by  continuing  |he  evaporation  to  dryness 

ic  aickel  is  obtained*  4^ 


Bknda, 


10*  Oreto/Zmc, 

h    1.  Blende  may  be  treated  with  diluted  nitric  acid, 

llich  will  separate  the  sulphur,  the  siliceous  ganguc, 

»iBte«     The  purity  of  the  sulphur  is  to  be  ascertained  by 

rombostioni  and  the  residuum  analysed  In  the  maooer 

"ormerly  described.      Precipitate  the  nitric  solution  by 

tod;t^  redissolvc  in  muriatic  acid,  precipitate  the  copper 

(if  any  be  present)  by  a  plate  of  iron  ;  separate  iJic 

ron  by  adding  an  excess  of  ammonia  *«    The  xtuc  now 

"«nly  remiias  in  the  solu  'be  obtained 

by  evaporating  to  drynt^  ,  ^    ii  muriatic  a- 

ddf  and  precipitating  by  soda. 

2,  Calamine  may  be  digested  in  nitric  acid,  noting  QtU-ji-- 
the  loss  of  weight  for  carbonic  acid,  and  the  insoluble 
testduum  boiled  with  muriatic  acid  repeatedly  ;  what 
remains  after  dilution  with  boiling  water  is  silica.  The 
nitric  solution  contains  ttnc,  and  probably  also  iron  and 
alumina  ;  evaporate  to  dryness,  redissolvc,  and  add  au 
excess  of  ammonia.  The  iron  and  alumina  cither  re-  *| 
main  undissolved  or  are  precipitated,  and  ihey  may  be 
!e])arated  by  potash.     The  zinc  may  be  preciptfeMfidrtgr 
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Book  lit  nQ  aeid|  or  by  evaporatioo  to  drjncu^  Tbe  turnB  I  4 
&a1uiion  probably  contftiai  iroti  and  alotnioa,  «hii&  I  i 
may  be  precipitated  by  the  rules  already  laid  i 
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H.     Ores  of  jtntimonj\ 

I.  Native  antimony  wa^  thua  analyied  by  Klapnitk, 
One  hundred  grains  were  digested  in  nitric  add  till  ^ 
whole  was  converted  into  a  white  powder*  Wbea  da 
acid  emitted  no  longer  any  nitroua  gaa^  the  miitiutvii 
diluted  with  water  and  thrown  upon  a  filter*  Tbc  » 
lution  wa)  then  treated  with  oiirate  of  silver*  Thepv 
cipitatc  yielded  by  reduction  one  grain  of  Mirer,  The 
pras&iate  o/  potash  threw  down  from  titc  retidoDOitthk 
tion  a  precipitate  which  contained  ^th  grain  of  iron,  Tk 
white  oxide  formed  by  the  nitric  acid  was  digested  a 
muriattr  acid  \  the  whole  dissolved  and  formed  a  tna^ 
parent  solution.  It  was  dilated  with  aix  tLma  iti 
mnght  of  water,  rr  *  ^  dissolfed  iA  aw 

<iiilac  acid,  and  a  I  ^       nito  it.    Thcss. 

limoiiy  obtained  weighed  9S  graiua  *f 

2'  Sulphuret  of  antimony  is  to  be  treated  wiUi  iiics* 
muriatic  acid.  The  sulphur  and  the  muriate  of  bItst 
(if  any  silver  be  present)  will  remato*  Water  prcdpi* 
mea  the  antimony  ;  sulphuric  acid^  the  lead  |  nd  aoK 
monia,  the  iron. 

a«  Klaproth  analysed  the  red  ore  of  aotimooy  as  U» 
Iowa  I  One  hundred  graios  were  digMled  in  mudaiic 
acid  till  the  whole  dissolved,  except  \\  grain  of  solphor. 
A  little  aulphuret  of  antimony  rose  with  the  solpbareted 
bydrogen  gas  exhaled^  and  was  deposited  in  the  beik^' 


a  KltprochyilLi^f- 
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t^tert*  The  solution  was  diluted  with  water*  The  ^^'  *^* 
I'holc  precipitated  in  the  state  of  b  white  powder  j  for 
>tash  threw  nothing  from  the  liquid.  The  powder 
ras  redissolved  in  muriatic  acid^  an  excess  added,  and 
f^hc  solution  diluted.  A  plate  of  iron  threw  down  eii 
[grains  of  antimony*  The  ore  then  contained  1S*3 
I  grmins  of  oxide  of  antimony.  One  hundred  grains  of 
[the  ore  yielded  by  solution  in  muriatic  acid  37  cubic 
inches  of  sulphurcted  hydrogen  gas.  From  this  Kla- 
proth  concluded  that  it  contalued  20  grains  of  sul- 
phur •• 

12.     Orel  cf  Bismuth* 

fttive  bismuth  may   be  treated  with  oitric  ictd.   Naciyebiir 
'Repeated  concentrations  and  sffu&ions  of  water  prccipi-  * 

late  the  bi&muih»  and  perhaps  the  arsenic;  but  this  last 
may  be  redissolved  in  boiling  water.  The  cobalt  re- 
mains, and  may  be  examined  by  the  rules  to  be  here- 
after laid  down.  The  same  analysis  succeeds  with  the 
other  ores  of  bismuth.  The  sulphur  when  present  re- 
mains undissolved. 

I  shall  give,  as  an  example  of  these  ores,  Klaproth's 
analysis  of  a  sulphuret  of  bismuth.  Fifty  grains  of  the 
ore  were  digested  in  nitrio  acid.  The  whole  was  dis* 
solved  except  2 V  gf^ins  of  sulphur.  The  solution  be- 
ing diluted  with  water,  a  white  powder  precipitated. 
The  filtered  solution  was  treated  with  common  salt  i  at 
first  it  produced  no  change,  but  by  and  bye  the  whole 
became  milky.  The  precipitate  consisted,  like  the  last, 
^f  oxide  of  bismuth*      The  solution  continuing  clear 
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Q^  tTL  fbr  some  iimc,  indfctted  Uiat  no  silver  w%%  preibt 
The  vchhe  precipitate  was  tiot  fidcered  b^  expoiofr  ti 
the  light ;  %Tt  iidditiofiil  proof  that  no  silver  wu  piw 
sent*. 

13*     Ores  o/Telianum* 

Wh^te  gold       Ktaproth  dissolved  the  while  gold  ore  of  Fi* 

nitro-muriaiic  actd,  and  ndded  potssb  tn  e^cee^^  ^  .^ 
soluiion.  A  brown  preeipiute  remaiotd  trndnsoHn^ 
wlitcti  was  a  mixture  of  gold  Sittd  iron.  It  wis  rtdvk 
Holved  in  nitrO'^niuriatic  acid»  the  gold  first  predpililfll 
by  nitrate  of  mercury^  and  then  the  iron  brpolvL 
The  potash  in  the  Hrst  sdlatloo  being  satoraitii  wih 
moriatic  add*  the  oxide  of  lellffrtoin  precipnfi»df ^ 

The  other  ores  itiaj  be  analysed  in  the  tiineiiNBMr  j 
only  the  precipUsite  occasioned  by  the  potash  mast  te 
treated  according  to  the  inetalt  of  which  tt  cofttitti 
The  niles  have  been  already  laid  down. 

1 ) ,     Otct  of  Anemic* 

X,  Native  arsenic  may  be  treated  'wlxh  nttro-muriatK 

I J      T'        *        ;ind  gold  remain  ;  the  first  to  the  sttii 

I      PTiLi  ^ifcond   tuay  be  divsolired   by  ocaof 

of  nitro^moriaticacidf  and  precipitated   bjstdpktieef 

iron.     The  arsenic  may  be  precipitated  bjr  cooceoiiab 

ting   the  nitric  solution^  and  then   diluti*^-  --'h  tr«ter« 

The  iron  may  then  be  precipitated  by  *»  i* 

S»aphartt»,        ^'  The  siilphurctcd  ores  of  arsenic  may  likewisell 

treated  with  dihitrd  nitro-muriatfc  actd*      'flie  Siitpte 

reiDftins  undisfiolved  i   the  (irsenic  atay  be  pteapiSHcA 
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bjr  concentration  und  the  dfFuiion  of  i*'ater  j  the  iron  by    ckap,  iv. 
Ammonia. 

3p  Oxide  of  anenic  roajr  {ic  dig&olved  in  10  parts   <^»i^- 
of  water.     Tlie  solution  displays  acid  properties^   and 
nilrate  ol  silver  and  of  mercury  occasion  ptccipilales  in 
it* 

Ores  of  Cobalt. 

1*  White  cobalt  ore  was  thus  analysed  by  Tassaert.  White  ev 
To  ascertain  the  proportion  of  arsenic,  he  treated  the  **'^^**» 
ore  with  diluted  nitric  acid,  and  obtained  a  complete  so- 
lution* Crystsils  of  white  oxide  of  arsenic  were  depo- 
sited, and  by  repeated  evaporations  he  separated  the 
'whole  of  the  ar^enic^  and  ascertained  its  weight.  He 
then  boiled  a  new  portion  of  the  ore  with  four  times 
its  weight  of  nitric  acid^  and  thus  acidised  the  arsenic, 
and  cibtained  a  solution.  This  solution  was  treated  with 
potash^  whicli  retained  the  arsenic  acid,  and  separated 
the  other  bodies,  A  pretipitaltf  of  arseniatc  of  cobaIt» 
i^hich  had  fallen  when  the  nitric  solution  was  diluted 
with  water,  was  treated  with  potash  for  the  same  rea- 
son- The  residuum,  tcgtthcr  with  the  precipitate  oc- 
casioned by  the  potash,  \va!i  dissolved  in  nitric  acid,  and 
ttnunonia  added  in  c^tcesi*  Part  was  retained  in  sola- 
lion  by  the  ammonia  ;  but  part  was  precipitated.  The 
precipitate  was  dtsiiolvcd  in  acetic  acid,  and  the  solu- 
lion  repeatedly  evaporated  to  dryness.  By  this  process 
the  oatide  of  iron  |;raduaHy  separated  in  the  form  of  a 
red  powder.  The  dissolved  part  was  acctaicof  cobah. 
It  was  decomposed  by  the  addition  of  ammonia  in  ex- 
cess, which  rcdissolved  the  cobalt.  By  these  processes 
llie  arsenic  and  iron  were  separated  ;  the  cobalt  was  re- 
tained by  the  ammonia^  and  was  obtained  by  evapora. 


iUiAi^Tsis  or 


Book  nh  lion.  To  ftscertsiin  the  propoftioo  of  snlfAar  m  tie 
ore,  a  new  porttoa  was  botlcd  with  nitric  add.  Oncocir 
ingi  crystalt  of  white  osdde  of  arsenic  were  depoittei 
Tliese  being  separated^  nttrate  of  bftfytea  wai  addeitQ 
the  solution  ;  lOO  parts  of  the  dried  precipitate  tofio. 
ted  14-5  of  sulphur  •• 

The  other  ores  of  cobalt  mMj  be  analysed  mmljk 
the  same  wajr* 


Wrtf  ert  of 
aagiiwte. 
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16.     Ons  ofMw^ajms^. 

1.  Barjtated  manganese  was  treated  bj  Vi 
with  muriatic  acid  i  oxj.muriatic  gas  passed  oter^ 
the  whole  was  dissolved  except  a  little  charcoal  miu> 
Bte.  The  solution  when  evaporated  yielded  crfssls  of 
mnrlate  of  barytcs.  These  were  separated  ;  and  ttm  B« 
quid^  evaporated  to  dryness^  yielded  a  jeUow  imat^ 
Tuble  in  alcoholi  and  tinging  in  flame  with  yeUow  ldK« 
Jiant  sparks.  The  proportion  of  barytes  was  astertiim 
ed  bj  precipitating  it  in  the  state  of  a  sulphate ;  ibt 
mangancsci  by  precipitating  it  by  carbooate  of 
ashf. 

2.  The  grey  ore  of  manganese  was  troted  brtfte 
same  chemist  with  mtuiatic  acid  ;  some  silica  reatjo- 
cd  undissolved.  Carbonate  of  potash  was  added  ta  tfie 
solution.  Tljc  precipitate  was  at  first  white,  but  be- 
came  black  when  ejcposcd  to  the  air.  It  was  treated 
with  nitric  acid,  which  dissolved  every  thtn^  but  the 
manganese  and  Iron  (if  any  had  bcett  preaeiit,)  The 
nitric  soIuttoOy  when  mixed  with  carbonate  of  po 
deposited  only  carbonate  of  Ume.    The  black  residi 
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Wtt  mixed  with  sugar,  and  treated  with  nitric  acid.    *^h»p  iv* 

The  solutioQ  was  complete  ;  therefore  no  iron  wai  pie- 

icnt. 

The  same  processes  will  succeed  with  the  other  ores 
of  roafiganese*  When  iron  is  present,  it  maj  be  sepa- 
rated either  as  above,  or  by  the  rules  laid  down  in  the 
First  Section  of  this  Chapter  j  or  wc  majr  dissolve  the 
fniacturc  in  acetic  acid,  and  evaporate  to  drjmess  two  or 
three  times  repeatedly.  The  oxide  of  iron  is  left  be- 
liindy  while  the  acetate  of  manganese  continues  soluble 
'  ill  water. 


17.     Ota  of  Tungsten. 

1.  Wolfram  was  analysed  by  the  Elhuyarts,  and  by    Wulfrani, 

Vatic]uclin  and  Hecht,  nearly  as  follows  :    The  ore  was 

boiled  with  muriatic  acid,  and  then  digesited  with  am* 

fDonia  alternately  till  the  whole  was  dissolved.     The 

ammoniacal  solutions  bdng  evAporated  lo  dryness  and 

t  calcined,  left  the  yclIow^  oxide  of  tungsten  io  a  state  of 
purity.  The  muriatic  solutions  were  mixed  with  sul- 
phuric acid,  evaporated  to  dryness,  and  the  residuum 
redissolved  in  water.  A  little  silica  remained.  Car- 
bonate of  potash  fprecipitated  a  brown  powder  from 
this  solution.  This  powder  was  treated  with  boiling 
nitric  acid  repeatedly,  till  the  iron  which  it  contained 
was  oxidised  to  a  maximum,  h  was  then  digested  in 
acetic  acid,  which  dissolved  the  manganese,  and  left  tiic 
iron.  Finally,  the  manganese  was  precipitated  by  an 
alkali. 

Tungstatc  of  lime  was  thus  analysed  by  Klaproth.  Tuagitate 
'One  hundred  grains  of  it  were  digested  in  nitric  acid.  *^^"^*^* 
The  yellow  coloured  residue  was  washed  and  digested 
in  ammonia.     The  residue  was  digested  in  nitric  acid 
Fi^L  IF.  R  r 


626  ANALYSIS   OF 

BodMIT.  gnd  ammonia  alternately  till  a  complete  soluUoam 
obtained.  Two  grains  of  silica  remained  behind,  T^ 
nitric  acid  solution  was  mixed  wilh  ammonia,  b&t« 
V  precipitate  appeared.  It  was  then  mixed  withaboi. 
ing  solution  of  carbonate  of  soda.  The  precipitate  dries 
weighed  33  grains.  It  was  carbonate  of  lime  ;  but  via 
redisbolved  in  nitric  ac>d,  it  left  one  grain  of  siUa 
Thirty-two  <^i  aiiis  of  carbonate  are  equivalent  to  n*) 
of  lime.  The  ammoniacal  solution,  bj  evapontiQi, 
yielded  small  needleform  crystals.  When  heated > 
redness  in  a  platinum  crucible,  they  left  77^  graiosof 
oxide  of  tungsten  *. 

18.     Ores  of  Molybdenum* 

Molfbde*  Molyhdena  may  be  treated  with  nitric  acid,  suces- 

»**  siveiy  boiled   upon  it  till  it  is   converted   into  avVile 

powder.  This  powder,  washed  and  dried,  is  molybfit 
acid.  The  liquid  obtained  by  washing  the  add,  a 
the  addition  of  potash,  deposites  some  more  moljbdk 
acid.  This  being  separated,  muriate  of  barytes  is  tok« 
dropt  into  it  as  long  as  any  precipitate  appears.  Ok 
hundred  parts  of  this  precipitate  indicate  14*5  of  ul 
phur. 

1 9.     Oret  of  Uranium* 

Pe:hblcndc,  i,  Pechblcnde,  or  the  black  ore  of  uranium,  wasdlt 
solved  by  Klaproih  in  nitric  acid.  The  undissolTcd 
part  is  a  mixture  of  silica  and  sulphur.  By  evapon. 
ting  the  solution,  nitrate  of  lead  was  precipitated ;  dicB 
nitrated  uranium  in  crystals.     The  solution  being  oow 

*  Beit  rage,  liL  4J. 
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lorated  to  dryness^  and  treated  again  with  nitric  a- 
» left  the  iron  in  the  state  of  red  oxide. 
►  2.  Uranitic  ochrc  raaj   be  treated  with  nitric  acid,   Onmiuc 
rhich  dissolves  the  uranium^  and  leaves  the  iron.     The  ' 

ority  of  the  iron  may  be  tried  by  the  rules  already 
iid  down. 
9*  Green  mica  was  dissolved  by  Klaproth  in  nitric  GuMamkaj 
id»;and  ammonia  added  in  excess  to  the  solution*    The 
ixide  of  uranium  was  prccipitaied  ;  that  of  copper  re- 
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JO*     Ores  of  Tttanium. 


he  ores  of  titanium,  reduced  as  usual  to  a  fine  pow- 
r,  are  to  be  fused  with  potash  or  Its  carbonate.  The 
helted  mass  is  then  to  be  dissolved  in  hot  water.  A 
hite  precipitate  gradually  separates^  which  Is  the 
bite  oxide  of  titaniutn.  This  is  all  that  is  necessary 
\  analyse  the  oxides  \  but  when  iron  and  silica  are 
vresent,  the  following  method  of  Chenevix  may  be  Menacha- 
idopted  :  Saturate  the  alkalme  solution  with  muria-  ^*  * 
ic  acid.  White  oxide  of  titanium  precipitates.  Sepa- 
rate the  precipitate,  and  evaporate  the  solution  to  dry- 
ness*. Redissolve  the  residuum  in  water*  The  silica 
femains  behind.  Precipitate  the  solution  by  an  alkali ; 
ftdd  the  precipitate  to  the  white  oxide  obtained  at  first, 
Imd  dissolve  the  whole  in  sulphuric  acid.  From  this 
holution  phosphoric  acid  precipitates  the  tifaniumi  but 
avcs  the  iron  *. 

The  species  which  contains  lime,  and  no  iron,  is 
I  be  fused  with  potash,  dissolved  in  muriatic  acid. 


*  KUlioboa*t/Mr«T«i|a. 
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and  tUe  silica  separated  tn  the  uuial  way. 
the  titanium  is  first  to  be  separated  from  the  »» 
solution  by  ammonia  ;  and  aXterwarda  ilie  llmebj  ai 
kaUnc  caibonitc, 

21.     Orgs  nf  Cbromium* 

1*  Vauqaelin  analysed  the  chromatc  of  letdk 
following  manner  :  When  boiled  with  a  anffident 
lity  of  corbonatc  o^  potaih^  a  lively  cScrveioaicc 
place  \  the  acid  combiner  with  the  polaih  |  aod  oit 
bonate  ot  lead  is  formed^  and  remuns  undiuoWd. 
may  be  dissolved  in  nitric  acid,  and  its  quaoiil/ 
tained  hy  precipitation  with  auiphuric  acid.  Qr 
chromnte  may  be  treated  with  tnurialic  aod  \ 
lead  precipitates,  and  chromic  acid  remains  io  d 
Thi^i  process  must  be  repcittcd  fill  the  whole  oflk 
is  decomposed.  There  remains  in  solution  chnimiii^ 
cid  mixed  with  a  little  muri^tic^  which  may  be  lepv 
rated  by  means  of  oxide  of  sih*cf . 

2.  Tassaert  analysed  the  chroroate  of  iroo  as  folk^ 
It  was  melted  with  eight  times  tU  weigh!  of  |>^^ 
crucible.  The  rcstjliing  mass  disaoli^ed  io  walcf  cscc^ 
a  brown  powder*  This  residuum  waa  treated  wtdtatt' 
riatic  acid,  which  dissolved  a  part  of  it.  Tlve  residaua 
was  treated^  as  at  first,  ^ith  potash  and  iButiatic  >d^ 
till  the  whole  was  dissolved t  The  alkaline  tolmb 
contained  the  chromic  acid  ;  the  muriatic  solutioo  ik 
iron,  still  mixed  with  a  little  chromium*  It  was  pR^ 
pitaied  by  potash,  and  the  precipitate  boiled  witii  iks 
fllkuli,  to  separate  the  whole  of  the  chromic  acid.  Wta 
remained  was  pure  oxide  of  iron.  The  chrotniciola* 
lions  were  saturated  with  nitric  acid^  and  mixed  iqth 
tiitrate  of  lead.     The  resulting  pretri|iit8le  indicated  ik 
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^ -IPf optsrtion  of  chromic  acid  ;   for  100  parts  of  chromate    Chap,  iv, 
'  of  lead  indicate  about  35  of  chromic  acid*  ' 


SECT,  IV, 


METHOD  OF  OBTAlNrNG    fVRt  METALS. 


-L  HE  method  of  analysing  Ihe  dtlFerent  ores  with  pre-* 
cision  being;  ascertained,  we  have  it  in  our  power  to  ob- 
tain Ihe  meuls  in  a  state  of  puritj,  which  is  often  ne- 
cessary for  chemical  purposes.  In  this  Section  I  shall 
give  a  short  view  of  the  processes  commonly  employed 
for  that  purpose. 

1,  GoM.  To  obtain  pure  gold,  we  have  only  to  dis- 
solve the  gold  of  commerce  in  nitro-muriatic  acid,  and 
|yrecipitate  the  metal  by  dropping  in  a  solution  of  sul- 
phate of  iron,  the  powder  which  precipitates,  after  be* 
iof  well  washed  and  dried,  is  pure  gold. 

2.  Platinum.  Platinum  can  scarcely  be  obtained  per- 
fectly pure  in  the  malleable  state,  at  least  in  any  eonsi* 
derable  quantity  ;  because  a  sufficient  heat  for  melting 
it  cannot  be  obtained.  But  its  powder  may  be  procu- 
red pure  from  the  muriate  of  platinum  and  ammonia, 
prepared  by  the  rules  laid  down  in  the  last  Section. 
This  salt  is  to  be  decomposed  by  heat,  and  the  resi- 
duum, if  necessary,  may  be  redissolved  in  nitro-muria- 
tic acicf,  and  precipitated  again. 

Silver.  Dissolve  the  silver  of  commerce  in  nitnc 
acid,  and  precipitate  with  a  diluted  solution  of  sulphate 
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Bdok  UL     of  iron*     The  precipitate  is  pure  slrrr*    Or 

tatc  with  common  salt ;  form  the  pre^pitaxeaiit|ii 
with  soda  ;  put  it  iato  a  crucible  lined  witli  sdi, 
fuse  it  with  a  brisk  heat.      This  proc«i*  gtveui 
of  pure  silver. 

4.  Mercury  tnajr  be  obuined  pure  bj 
isixtute  of  two  parts  cinnsibstr  and  one  put 
in  an  iron  retort.  The  mercury  cooies  over»  aii 
sulphuret  of  iron  remains  bcliind  ;  or  tbe  tjsjmm 
of  mercury  may  be  decomposed  by  ammaDUi  ndtk 
precipitate  heated  cither  by  itself  or  mixed  wiiIigL 

5.  Copper  may  be  dt&solved  iti  mariatic  td^i^di 
copper  precipitated  by  a  polished  pl;&lc  of  iioi^fflli 
black  oxide  of  copper^  obtained  hy  dcconipon|ai|tt. 
led  ammonia,  may  be  melted  with  its  nwn 
pounded  glass  atid  pitch. 

G*  Iron  can  scarcely  be  obtained  perfectly  bee 
carbon.     The  processes  des<3*ibcd  in  %fotmttpni 
thiit  Work  furnish  it  as  pore  as  it  can  be  procordL 

7.  Tin  may  be  obtained  pure  by  eolation  tim| 
mtric  acid  ;  the  white  oxide  of  tin  is  formed,  wbcli 
insoluble.  Let  it  be  digested  first  with  mortitkttl^ 
and  aHerwards  with  aqua  fegta.  Mix  theoxifete 
purified  with  its  weight  of  pitch  and  m  litUe  boiii,iiii 
melt  it  in  a  crucible. 

S.  LfGfl  may  be  obtained  pure  from  the 
solution  in  diluted  nitric  acid,  and  precipitfttion 
linder  of  zinc ;  from  the  sulphurer,  by  solution 
acid,  mixing  the  solution  with  muriatic  acid,  ami  ayv 
lallixing.  Tlie  crystals  of  muriate  of  lead  are  tc  ^^ 
solved  In  boiling  water,  and  then  evaporated  to  diptai. 
The  mas«  is  to  be  m  Ited  in  a  crucible  with  3f 
its  weight  of  black  flux. 
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9.  ChiMnists  have  hitherto  failed  in  their  attempts  to  Chap.  IV* 
U  obtain  m'ch/  tn  a  state  of  absolute  puriijr.  The  great 
difficulty  is  to  separate  it  from  cobalt ;  upon  which  all 
reagents  have  nearly  the  same  action.  The  following 
^^ingcQious  method  has  been  lately  proposed  by  Mr  Phil- 
lips :  Dissolve  the  nickel  of  commerce  in  nitric  acid  to 
saturation.  Throw  down  the  arsenic  acid  by  nitrate  o£ 
lead.  Then,  after  filtration^  add  an  excess  of  nitric  a- 
.  cid,  and  introduce  an  iron  rod  into  the  solution  to  throw 
down  the  copper.  After  this,  precipitate  the  whole  by 
.  carbonate  of  potash,  and  digest  the  precipitate  in  liquid 
ammonia.  The  cobalt  and  nickel  are  taken  up  »  the 
iron  and  lead  remain.  Dilute  the  solution  with  water  j 
add  an  excess  of  ammonia ;  then  pour  potash  into  the 
solution.  The  cobalt  remains  in  solution,  but  the  nick- 
el precipitates  in  the  state  ot  a  pure  oxide,  and  may  be 
reduced  by  exposure  to  a  strong  hear  *.  The  process 
of  Richter  is  complicated,  and  cannot  easily  be  reduced 
to  a  formula. 

10.  Zinc  may  be  dissolved  in  sulphuric  acid,  and  ft 
plate  of  xinc  allowed  to  remain  for  a  considerable  time 
in  the  solution*  It  is  then  to  be  filtered,  and  the 
zinc  to  be  precipitated  with  carbonate  of  soda.  The 
precipitate,  edulcorated  and  dried,  is  to  be  mixed  with 
lialf  its  weight  of  pure  charcoal,  and  distilled  in  an 
earthen  ware  retort.  The  zinc  is  found  pure  in  thft 
neck  ot  the  retort.        *  I 

^  HI*  Afiiimmy  may  be  dissolved  in  nitro* muriatic  a- 
fcid,  and  precipitated  by  the  affusion  of  water.  Tlie  pre- 
dpitate  is  to  be  mixed  with  twice  its  weight  of  tartar, 
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^Bookra    and  fused 


tn  a  cfttciUe*    A  Imltoti  of  pi 
is  obtained. 

IS.  Bismuth^  if  impure^  msiy  be  dissolTcd  m  luhk 
tcidp  and  precipitated  by  water.  TVi«  iidliloorittd pn» 
cipitate,  formed  into  a  paste  with  oil,  and  tWfkSkf  AmA 
with  black  Jiuxi  gives  a  button  of  pure  hisaiuiiL 

13.  Ttlhrinm  iras  obtained  pore  by  KUproih,  b^ 
forming  its  oxide  into  a  paste  with  oil^  and  heilio|ii 
to  redness  in  ^  retort.  The  metal  was 
▼ivtd, 

14*  Arsenic^  in  the  state  of  nftbite  oxide, 
muced  wirh  black  flux  and  distilled. 

15.  Cohalt  mvLj  be  obtained  pure^  in  all  Hkeiilittilt  kf 
foUowing  the  process  proposed  hy  Philips  for  tbtpoit- 
lication  of  nickel.  The  fonowing  is  a  mueb  dio^ 
process  recommended  by  Trommsdorf :  Mix  a  pnad 
of  the  best  smalt  with  four  ooooea  of  mtre  and  tm 
ounces  of  charcoal  powder^  and  throw  the  miiti 
intervals  into  a  red  hot  crucible.  This  process 
be  repeated  three  times.  The  mixture  is  then  t 
kept  in  a  strong  heal  for  an  hour,  «ttrred  wcD, 
mixed  with  four  ounces  of  black  fiux»  and  kept  in  tfiT 
stiong  heat  of  a  forge  for  an  hour  longer.  The  cobalt, 
reduced  by  this  treatment,  is  still  iiiipurr«  It  ii  is  be 
mixed  again  with  thrice  its  weight  of  aiire,  and  dcfii* 
grated  in  a  red  hot  crucible  by  imall  portions  at  a  time* 
By  this  process  the  iron  is  peroxMizcd,  and  the  ancfiif 
acidised*  The  mass  is  to  be  well  washed,  and  the  el- 
ide of  cobalt  sepnratcd  by  filtration.  Thts  oxide  ii  to 
be  dissolved  in  nitric  acid^  and  evaporated  to  dryncv. 
A  fresh  portion  of  acid  is  to  be  added,  and  the  mm 
exposed  to  a  moderate  heat.     Dilute  with  water^uid 
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filter  to  separate  the  remains  of  the  iron.     Precipitate    P^^  ^', 
bjr  pure  potaih,  and  reduce  the  oxide  *. 


Di 


black  oxide  of  snanga- 


16.  Manganese. 
nese  repeatedly  in  nitric  acid  ;  then  mix  it  with  su^ar, 
and  dissolve  it  in  nitric  acid*  Filter  the  solution^  pre* 
cipitate  by  an  alkali,  form  the  white  oxide  thus  obtain- 
ed into  a  paste  with  oi]|  and  put  it  into  a  crucible  well 
lined  with  charcoal.  Expose  the  crucible  for  an  hour 
to  the  strongest  heat  of  a  forge. 

IT.  Tungsten  was  obtained  by  Elhuyart  by  heating 
the  yellow  oxide  violently  in  a  crucible  lined  with  char- 
coal :  but  this  process  has  not  succeeded  with  other 
chemists. 

18.  Moiyhdt:num  may  be  obtained  by  forming  mo- 
lybdic  acid  into  a  paste  with  oil,  and  heating  it  violeut-* 
ly  in  a  crucible  lined  with  charcoal. 

19.  Uranium  is  procured  by  forming  the  yellow  ox- 
ide of  that  metal  into  a  paste  with  oil,  drying  it  in  a 
moderate  heat,  putting  it  into  a  crucible  lined  with  char- 
coal, with  a  little  lamp*black  strewed  over  it.  After 
Itittng  on  the  cover,  it  is  to  be  heated,  at  first  gently^ 
and  then  violently,  for  three  quarters  of  an  hour, 

20.  Titanium^  in  a  very  small  proportion  indeed,  was 
obtained  in  the  metallic  state  by  mixing  together  100 
parts  of  the  red  oxide  of  the  metal,  50  parts  of  boraxp 
and  five  parts  of  charcoal,  and  forming  the  mixture 
into  a  paste  with  oil.  This  paite  was  put  into  a  cruci- 
ble lined  with  charcoal,  and  exposed  for  an  hour  and  a 
half  to  the  violent  heat  of  a  forge  f. 


•  Jamt.  it  aim.  H.  fS" 
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METHOD  OF  OBTAnrXIfGy  &C. 

21.  Cbromwm  was  obuined  by  Vmujuelia  in  A 
metallic  state,  by  putting  a  portion  of  chromic  acid  bt 
a  charcoal  cmcibley  inclosed  in  a  common  crucible  Ibu 
with  charcoal,  and  exposing  it  for  an  hour  to  the  n 
leal  heat  of  a  forge. 


EGETABLES  are  too  well  known  to  rcqaire  any  defi- 
nition. They  arc  perhaps  the  most  numerous  class  of 
bodies  belonging  to  this  globe  of  ours  j  the  species  al- 
ready known  amounting  to  no  less  than  3  0,00 0^  and 
very  considerable  additions  are  dally  making  to  the 
number.  But  it  is  not  my  intention  in  this  place  either 
to  enumerate,  to  describe,  or  to  classify  plants*  These 
tasks  belong  to  the  botanist,  and  have  been  successfully 
accomplished  by  the  zeal,  the  singular  address,  and  the 
indefatigable  labour,  of  Linnaeus  and  his  followers. 

It  is  the  business  of  tlic  chemist  to  analyse  vegeta- 
bles, to  discover  the  substances  of  which  they  are  com- 
posed, to  examine  the  nature  of  these  substances,  to  in. 
vestigate  the  manner  in  which  they  are  combined,  to 
detect  the  processes  by  which  they  are  formed,  and  to 
ascertain  the  chemical  changes  to  which  plants,  after 
they  have  ceased  to  vegetate,  are  subject.  Hence  a 
chemical  investigation  of  plants  comprehends  under  it 
four  particulars  :  1.  An  account  of  the  dififerent  sub- 
stances found  in  the  vegetable  kingdom.      2*  An  ac- 
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»acklV«^  ooanl  of  the  oompotition  and  piopcrtiet  of  the  diiEengt 
farU  c£  Tcgetablet ;  as  the  lemvei,  the  bork»  the  Kcd, 
&c.  These  must  be  oompoied  of  oomhiiiatioin  of 
the  varions  sabstanoes  described  nader  the  first  head. 
S.  An  acoomit  of  the  vtgtiatkm  of  pfamtSy  as  far  tiit 
can  be  illustrated  bj  chemistrj.  4.  An  accooDt  of  tk 
AoHgti  which  planta  undergo  after  they  cease  to  vcp. 
fate.  These  diflEerent  heads  shall  form  the  sabjcctof 
the  fiNur  fbUowii^  Ch^p^OB*  • 


OF  THE  INGREDIENTS  OF  PLANTS. 


X  HZ  substances  httherto  found  in  the  vegetable  king- 
doro»  sill  of  them  at  least  which  hive  been  examined 
with  any  degree  of  accuracy,  may  be  reduced  under 
four  heads  :  I.  Substances  soluble  in  water,  at  least  in 
some  state  or  other,  and  which  in  general  arc  solid,  and 
not  remarkably  combustible.  IL  Substances  either 
fluid  or  which  melt  when  heated,  and  bum  like  oils. 
They  are  all  insoluble  in  water,  but  in  general  they 
dissolve  in  alcohol.  II L  Substances  neither  soluble  in 
water  nor  alcohol^  nor  ether,  and  which  have  a  fibrous 
or  woody  teilure<  IV.  Substances  which  belong  to 
the  mineral  kingdom,  which  occur  only  in  small  quan- 
tity in  vegetables,  and  may  therefore  be  considered  as 
extraneous  or  foreign*  The  following  Table  exhibits 
a  view  of  the  different  vegetable  substances  hitherto 
discovered,  arranged  under  their  respective  heads* 


I.  1.  Acids 

5*  Gum 

2.  Sugar 

6,  Mucus 

3-  Sarcocoll 

I.JeUy 

4»  Asparagin 

8.  Ulmin 

9BB 


iKaaxDisKTS  or  tulxju 


'Bot^lV*  9.  Inulin 

10.  Starch 

11.  Indigo 

12.  Gluten 

13.  Albumen 

14.  Fibrin 

15.  Bitter  principle 
10.  Extractive 

17.  Tannin 

18.  Narcotic  principle 
II.  OUoform 

1.  Fixed  oil 

2.  Wax 

3.  Volatile  oU 
4*  Camphor 

The  properties  of  these  different  substances' form  the 
subject  of  the  following  Sections. 


5.  Bird-lime 

6.  Resins 

7.  Gnaiacum 

8.  Balsams 

9.  Gam  resins 
10.   Caoutchouc 

III.  Fibrous 

1.  Cotton 

2.  Suber 

3.  Wood 

IV.  JExtraneous 

1.  Alkalies 

2.  Earths 

3.  Metals. 


SECT.  I. 


OF  ACIDS. 


Adds  con- 
tained in 
pfattiU 


X  HE  acids  found  ready  formed  in  vegetables  are  tlu 
following : 


1.  Acetic 

2.  Oxalic 

3.  Tartaric 


4,  Citric 

5.  Malic 
0.  GaUic 


7.  Benzoic 

8.  Prussic 

0.  Phosphoric* 
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Sometimes.     V     f^e  sulphuric,  nitric,  and  tDuri^tic 
MQidw  occur  ,  tables,  combined  with  alkalies  or 

[earths,  but  never  «!XC€pt  in  very  minute  qiiaatilies. 

1.  Acetic^acid  is  casilj  detected  bj  its  peculiar  odotiTy  Acetic 

and  by  the  compounds  which  it  iorms  with  the  alkalies 

and  earths*    It  has  been  found  by  Vauquelin  in  the  sap 

I  of  difFerent  trees  whtcb  he  examined,  and  likewise  in 

[the  acid  juice  of  the  deer  arittinum,  which  consists  of 

I  oxalic  acid,  malic  acid,  and  a  little  acetic  *•     Scheelc 

obtained  it  from  the  samhicus  nigra  f  • 

Oxalic  acid  Is  easily  detected  and  distinguished  by   Qadk. 
I  the  following  properties  :   It  decomposes  all  calcareous 
salts,  and  forms  with  lime  a  salt  insoluble  in  water.    It 
^readily  crystallizes.  Its  crystals  are  quadrilateral  prisms* 
It  is  totally  destroyed  by  heat. 

Oxalic  acid  was  first  detected  in  vegetables  by 
Scheele.  It  exists  in  the  state  of  superoxalate  of  potstsh 
in  the  leaves  of  the  oxaitJ  aeetoseila,  oxaiis  eormtuiam, 
and  different  species  of  rtfwrr  ;  and  likewise  in  thc^rrtf- 
nium  acidum*  In  the  root  of  rhJfarb  Scheelc  found  it  in 
the  state  of  oxalate  of  lime  ;  and  Deyeux,  Dispan,  and 
Vauquelin,  have  observed  it  uncombined  in  the  liquid 
which  exudes  from  the  cicer  parietinum,  Scheele  de- 
tected the  presence  of  oxalate  of  lime  in  a  variety  of 
roots  and  barks  besides  rhubarb.  He  reduced  the  sub* 
stances  to  be  examined  to  powder  or  thin  sliceSj  digest- 
ed them  for  two  hours  in  diluted  muriatic  acid,  and 
dropc  ammonia  in  excess  into  the  filtered  solution*  If 
the  oxalate  was  present,  the  liquid  became  gradually 


Flanti  con- 
umingit. 
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^  nr.  milkjy  md  deposited  it.  The  following  is  hii  Tab 
of  the  roots  and  barks  from  which  he  obtaiiied  ik 
salt*: 


I.  Roots. 

Alkanna 

Vincetoxicum 

Scilla 

Apium 

Lapathum 

Sigellam  siIo- 

Bistorta 

Liqatritia 

moois 

Carlina  acaulis 

Mandragora 

TormcntiJIa 

Curcuma 

Ononis 

Valeriana 

Dictamnus  albus      Iris  florentina 

Zedoaria 

l^'aeniculum 

Iris  nostras 

Zengiber. 

Geutiaoa  rubra 

Saponaria 

II.  Barks. 

JBerberif 

Cassia  carjopbyllata 

guMsis 

Cassia  fistolaris 

China 

Qpercus 

Canella  alba 

Culilavan 

Simarufaa 

Cin  n  am  0  m  u  m 

Frangula 

Lignum  saoctoa 

Cascarilla 

Fraxinus 

Ulmus. 

TtniriG  ^*  Tartaric  acid  is  known  by  the  following  proper- 

ties  :  When  a  little  potasli  is  cautiously  dropt  into  a  so- 
lution containing  it,  coounon  tartar  is  formed,  a^d  pre- 
cipitates  to  the  bottom.  Tartaric  acid  does  not  decom- 
pose the  sulphate,  nitrate,  or  muriate  of  lime.  Tir- 
trate  of  lime  is  insoluble  iR  water.  Tartaric  acid  crji- 
talliies.  Its  crystals  are  long  slender  prisms.  Itii 
destroyed  by  heat. 


f  CrdTi  JfiMolsf  iii.  a.  Engliih  TruiL 


^^cid  has  been  found  in  the  foltttwmg  i^ge-    . '^P  ^y, 

lUbstiinces :  Pl»««  tfv- 

tokuiif  1^ 

pulp  of  the  tamtrind  ** 

|*cc  of  grapes. 
Mulberries +  * 
Ramex  acetui?^  ipml  fk 
Rhus  coriaria,  tumach  J* 
Rheum  rhapomicum  §• 
Agave  Americana  ||, 
roots  of  trill  cum  ripens  f . 

Leontodon  taraxicum  f « 

the  greater  number  of  these  it  is  in  the  state  of 
titrate  of  potaih* 

Citric  acid  is  disttnguUhcd  by  the  following  pro-    ^*'^^'' 
I :  It  does  not  form  tartar  when  potash  is  added 
With  lime  it  forms  a  salt  insoluble  in  water, 
I  is  decomposed  bj  sulphnnci  nitric>  and  muria* 
ids.     It  readily  crystallites*     It  is  destroyed  by 

ric  acid  has  been  found  unmiSEed  with  other  acids  f*l^tt  con* 
following  vegetable  substances  ^  : 

e  juice  of  oranges  and  lemons. 

c  berries  of  vaccinium  oxycoccos,  cranhtrry* 

vitis  idaa,  red  ivhortiebtrrj^ 

Prunus  psidus,  hirdcherry. 

Solanum  dulcamara,  ^ghtshade. 

Rosa  canina,  kip* 


^au^itdio,  Aik».  df  CUm.  *r*  9s,         f  Hermb9t»dt  on  y*fit.  ^ddi, 
Itm  and  Troimntdorf.  \  Btndheion,  QrclU  1 7^8*  81.  7.  s.  4 1' 

Loffman  of  Weimar.  \  SchccJc,  QitVCi  J^ar,  ii.  8.  Biig.  Tnof  f. 
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ACIDS* 

tartaric  and  citric  acids.     VauqueliQ  has  lately  detected      ^^f- 
h  in  the  state  of  malate  of  lime,  in  the  foUowing  plants  ; 

Sempervivum  tectarum* 

Sedum  alburn^  acre^  telephium. 

Arum  macuUtum. 

SiBferent  species  of  crassuU  and  mesembrianthe* 


6.  Gallic  acid  is  known  by  the  following  properties  t  Gallic* 
With  the  red  oxide  of  iron  it  produces  a  black  coioun 
It  is  crystallizable.  Heat  destroys  it.  It  has  been 
found  in  a  great  number  of  planes,  chiefly  in  the  bark* 
The  following  Table,  drawn  up  by  Mr  Biggin  t*  will 
serve  to  show  the  relative  proportions  of  this  acid  in 
difierent  plants ; 


Elm 1 

Oak  cut  in  winter  ...••.   8 

Horse  chesnnt Q 

Beech 7 

Willow  (boughs) 8 

Elder 4 

Plum  tree  ••«»««•«» B 

Willow  (trunk)  ,••*...  P 

Sycamore •  6 

Birch 4 

Cherry  tree  «. 8 


Sallow ,,,.   8    Plants  co(B* 

Mountam  ash ..••••   8 

Poplar ..♦ 8 

Hazel 9 

Ash 10 

Spanish  chesnut  ,.......  lO 

Smooth  oak IQ 

Oak  cut  in  spring 10 

Huntingdon   or  Lti-  J 
cester  willow  ......  \  *^ 

Sumach 14 


1.  fienxoic  acid  is  disiingolshed  by  its  aromatic  odour,    BeosoiQ, 
ond  its  volatility  on  the  application  of  a  very  m ode i ate 
heat.     It  has  been  found  hitherto  only  in  a  few  vege- 


•  ViuqucliOi  Am,  it  Ulbm*  sxiv.  Ijj. 
f  Kicolfoa*!  Jwrmli  m.  594* 
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ubie  sybfttmncf Sy  to  which  the  Trench  dicimtu  bai 
conGaed  tlie  term  hskkum-     These  sre,  li^ejuMM,  him 

$•  The  smtll  and  the  propertjr  of  formtog  Prvuiii 
blae  with  the  oxjgcnixtd- salts  of  ircm  are  iuffiQB:v 
characterize  the  prusMc  acid.  £irer  since  Scheeic  ycs- 
cd  out  the  method  of  procuring  this  acid  in  «sepncr 
state^  the  simibrity  between  its  smell  uid  tbcqdiTiiif 
bitter  almoadi^  peach  blossoms,  ftnd  other  vifeuiii 
subfttanccfi  did  not  fail  to  be  remarked  :  But  tt  «« 
not  till  nbotit  the  year  J  802  that  Bohn  obtenrcdi  ti* 
miUrity  between  the  taste  of  prassic  acid  andtliewikf 
distilJcd  from  bitter  almor«ds  i  ainl  that  wbea  iMj  «i< 
ter  was  mixed  with  potash,  it  acquired  the  property  (if 
precipitating  iron  solutions  blue*  The^  retah  mat 
confirmed  soon  after  by  Schraeder,  who  succcttid  tii^ 
in  obtaining  prussisin  blue»  by  the  same  aie»t,bft 
Jhe  distilled  waters  of  laurocerasnj  leaves  Sftd  pod) 
blossomK.  When  lime  is  added  lo  the  conctitnftd 
i^aters  of  these  substances,  there  is  formed  a  prtfssif 
^Tlime;  for  when  the  liqiitd  is  mixed  withauftcJ 
ron,  pru3«iao  blue  predpiii^ies  the  instant  Uutttsodr 
Gkcid  !&  added.  When  these  waters  are  distilled  of  part 
dtashi  a  prussiatc  of  potash  remains,  and  e^xn  crptil 
Kzes*  The  water  that  comes  over  coutains  no  prank 
icid.  When  diuiUed  with  ainmonta,  eio  prtiiiiaii  ky 
obtained  *. 

This  discovery  was  soon  after  verified  by  the  expev 
nentfl  of  Gehlen,  BuchoU,  sik]  Vauqucliii.     Bucboh 
found  that  prus&ic  acid  was  contained  in  the  essentiil^ 
lof  bitter  almondsp  and  that  it  could   be   scpantcJbr 


a  /«r.  4r  /S|«.  Ivi  sa^ 
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tneans  of  fixed  alkalies,  but  not  bj  ammonia  •.  Vau-  Cfc«p»l-  ^ 
quelin  obtained  pra$$ic  acid  bj  dutilling  water  off  the 
Rcmcfs  of  apricots  in  a  water  bath.  The  liquid^  when 
mixed  with  sulpbatc  of  iron,  and  a  little  ammonia  ad- 
ded^ yields  a  precipiiatc  only  partially  soluble  in  sul- 
phuric acid.  The  residuum  is  gfccn,  but  becomes  blue 
when  boiled.  Hence  Vauquclin  supposes  that  the  prus- 
9fc  acid  in  these  bodies  is  in  a  peculiar  Mate  f  *  Sthrs- 
dcr  has  since  obtained  prussic  acid  from  the  flowers  of 
the  sloe  (firuMtts  jfincja),  and  the  leaves  *^f  the  bay^ 
leaved  willow  (jaHx  fieniandra)  t.  It  cannot  be  doubu 
ed  that  almost  a]]  the  biiter  tasted  kerneU  contain  this 
acid* 

9.  Phosphoric  acid  is  easily  distinguished  from  the   Phmphone 
former  eight ;  for  it  is  very  fixed,  and  a  violent  heat 
does  not  destroy  it  as  it  does  the  others. 

Phosphoric  acid  has  been  found  in  different  planff, 
but  only  in  very  small  quantities  :  it  is  almost  con* 
scantly  combined  with  lime  or  potash,  though  it  existi 
free  in  the  onion.  Meyer  found  it  in  the  leaves  o#^ 
many  trees  }  ;  Thuren  found  phosphate  of  lime  in  the 
aioniius  napillus  ||  j  and  Bergman  found  it  in  all  kinds 
of  grain  ^.  Phosphate  of  potash  exists  in  barley  and 
other  species  of  corn,  and  has,  1  presume,  been  often 
eoufounded  with  phosphate  of  lime. 


^  OehtenV  Jwr.  i  78, 
I  Gchlcn't/i«r.  i.  394. 
.J  A*n.de  Chimin.  30S. 
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HjiCorf«        ouGAA,  which  at  present  forms  so  iniportaiil  so  i--r/ 

in  our  food/secms  lo  have  been  kiiowo  ml  m  tc: 

period  to  the  inhabitants  of  India   and   Cbioi^  tni 

Europe  probablf  owes  its  acquaintsoee  withtil»lk 

conquests  of  Alexander  the  Great.      The  wtitA$§ui§^ 

ran  occurs  in  PJiny*  and    Dio&coridesf.     Thtj  iis 

scribe  it  as  a  white  brittle  solid^  vrhich  cxtiiUiyeilt* 

neously  from  a  species  of  reed.     From  the  deicnflioi^ 

it  docs  not  appear  that  the  sugar  known  to  the  mxmi 

ivas  similar  to  our  sugar  ;  but  their  accouiii  ttaoiatper* 

feet  that  little  can  be  collected  from  it  X^      For  apsii* 

ter  its  introduction  into  the  West^  il  was  ttScdoQl|isi 

medicine  ;  but  its  consumption  graduallj  bcftaiei^ 

and  during  the  time  of  the  Crusades^  the  Venetiifii, 

who  brought  it  from  the  Eau,  and  distributed  ttto6( 

jiorthcni  parts  of  Europe,  carried  on  a  lucrativf  cos. 

mercc  with  sugar*     It  was  not  till  after  the  Hmmj 

of  America^  and   (he  extensive  cultivation  of  SD|Ktt 

the  West  Indies,  that  its  use  in  Europe,  as  an  irtidi 

of  food,  became  general  \, 


I  Sec  6eckn^%nn^«  Hhttris  Stttlari*     C^mmmiaiimm  Sm,  Xf  .C^ 
ffful^t  l-Ss»  r*!,  V.  p.  16. 

{  See  F«lcr.|}er*i  6i*tU  */ ti*  Hiamy  ^  Sitgrni ,  Mmd^mr  4 
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Sugar  was  formerly  manufactured  in  the  scnithcm   ^  chip.  L  ^ 
'^parls  of  Europe  ;  but  at  present  almost  the  whole  of 
our  sugar  is  produced  in  the  £a$t  and  West  Indies. 
The  p!ant  frcmi  which  it  is  procured  is  the  rtrundo  sac* 
cbarifera   or  sugar  cane.     Other  plants  indeed  contain 
it ;  but  not  in  such  abundance.     In  North  America^ 
phowever,  it '  is  extracted  from  the  acer  sacchmHnum  or 
sugar  mappte^  but  in  too  small  quantity  for  exportation. 
Attempts  have  been  lately  made  to  extract  it  from  the 
lieet. 
I  •   1.  The  method  of  making  sugar  practised  in  Tndos-   Manufac- 
tao  IS  exceedingly  simple,  and  requires  little  or  no  ex-    ^j^^  \^  i^^ 
pensire  apparatus.    The  soil  chosen  is  a  rich  vegetable   <!«*«"• 
mould,  in  such  a  situation  that  it  can  be  easily  watered 
from  the  river.     About  the  end  of  May,  when  the  soil 
is  reduced  to  the  state  of  soft  mud,  either  by  rain  or 
artificial  watering,  slips  of  the  cane,  containing  one  or 
two  joints,  are  planted  in  rows  about  four  feet  from  row 
to  row,  and  eighteen  inches  asunder  in  the  rows.    When 
I  they  have  grown  to  the  height  of  two  or  three  inches, 
I  the  earth  round  them  is  looseried.     In  August  small 
trenches  are  cut  through  the  field  to  drain  off  the  rain, 
if  the  season  prove  too  rainy,  and  to  water  the  plants  if 
the  season  prove  too  dry.     From  three  to  six  canes 
I  spring  from  each  slip  set.     When  they  are  about  three 
feet  high,  the  lower  leaves  of  each  cane  are  carefully 
wrapt  round  it  ;  and  then  the  whole  belonging  to  each 
slip  are  tied  to  a  strong  bamboo  eight  or  ten  feet  high^ 
and  stuck  into  the  earth  in  the  middle  of  them.     They 
are  cut  in  January  and  February,  about  nine  months 
.    after  the  time  of  planting.     They  have  now  reached  the 
I    beighc  of  eight  or  ten  feet,  and  the  naked  cane  is  from 
I  m  inch  to  au  inch  and  a  quarter  in  diameter.     They 
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have  not  Aanvcrtd.  When  ihi*  Itippni,  thm  |ii3c 
much  of  its  sweetness.  The  oewljr  cul  cmam  t 
through  the  rollers  of  a  milli  ami  Ibcir  joice  a 
into  Urge  iron  boilers,  where  it  is  boiled  dowe  flMflli 
to  1  proper  consistence,  ihe  scum  being  c%relcs|lf  Ufa* 
off*  The  fire  is  ihen  withdrawo,  and  the  Uq«d  bf 
cooling  hecomei  thick*  It  it  th^si  stirred  ^boiii  mik 
sticks  till  it  begins  to  tsike  the  foctA  of  sugar,  i»h<a« 
is  put  tn  mats  made  of  the  )e»vet  of  the  ptlmln  tns 
{haraum  ^fiabfiUformu),  and  the  uirriog  cootinocd  iS 
it  is  cold  *.  .This  process  yields  a  ra'&  Grp^mdmim 
gar  ;  bur  it  is  clsmmj,  and  apt  to  attract  moiabarc  frea 
the  atmospliere,  because  the  acids  in  the  juice  hmt  m 
be^n  removed.  By  the  additioo  of  quickltot  liila 
juice,  in  the  proportion  of  about  three  spooafikta 
every  H  gailom,  the  sugar  loses  tbta  property.  Tk 
impore  sngar  prepared  by  this  metkod  is  called ^ufajt. 
Everj  three  quarts  of  juice,  or  every  mx  petiodvy^ 
about  one  pound  of  sugar.  From  ao  acre  oi  granrf 
about  f)000  pounds  of  sugar,  and  cootecfcfently  ahm 
30,000  pounds  of  juice,  are  obtaiaod* 

2,  In  the  West  India  islands  the  raism^^  oi  ngirii 
much  more  expensive,  and  the  produce  much  lai^fi(i^ 
tn|^  to  the  high  price  of  labour  i  or,  which  is  the  iia»e 
thing,  to  the  nature  of  the  hbour^rap  and  lo  tJie  infiyi- 
ority  of  the  soil-  The  juice  extracted  hy  paaaing  tliiOK 
twice  between  iron  rollers  is  received  in  alcadcabfl^ 
and  thence  conducted  into  a  r^cfivtr,,  Here  It  eaaootke 
allowed  to  stand  above  20  mioutes  without  bfgiiuiiofio 


•  See  Ur  EoibargK'a  ^^ccoum  i  T 
she  Su^f  Cine,  Fiffftuiy,  il  415. 
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fiarment*  Therefore,  is  scon  is  collected,  it  is  run  mte 
m  flat  copper  cauldron,  called  a  ciarifitr^  capsble  of 
holding  40D  galloDft  or  more.  Here  it  it  mixed  with  m 
qunotity  of  lime*  The  mtJtimtini  used  ii  a  pint  of 
lime  to  every  hundred  gallons ;  but  in  general  muck 
less  will  serve.  Fire  is  immediately  applied,  and  the 
juice  heated  to  the  temperature  of  140^.  The  fire  is 
then  eartinguished.  A  thick  viscid  scum  forms  upon 
the  top»  which  remains  unbroken,  and  the  clear  liquid 
is  drawn  off  from  under  it  by  a  cock  or  syphon,  and 
iuiroduced  into  a  large  copper  boiler.  I^^e  it  is  boil* 
ed  brtUcly  ;  the  scum,  as  it  forms,  being  coniinuaUy 
removed  by  large  scummers.  When  the  bulk  of  the 
liquid  is  sufficiently  diminished,  it  is  introduced  inio  « 
second  boiler,  and  the  boiling  and  scumming  continued 
as  before;  ltme*water  being  somcrimes  added  if  the  li- 
quid  does  not  appear  clear.  From  the  second  copper 
it  passes  into  a  third  ;  and  from  that  to  a  fourth^  where 
the  Tcry  Si*me  process  is  contihucd.  Tl»is  lH>t  copper 
is  called  i\{t  ieachi.  When  by  conlirued  evaporation 
it  has  become  sufficiently  concentrated,  which  is  jud- 
ged of  by  its  viscidity,  it  is  withdrawn  from  the  lire, 
luid  introduced  into  the  cookt\  Thi**  is  a  wooden  ves- 
sel about  J 1  inchi's  deep,  seven  fctt  long,  at^d  from  five 
to  six  wide.  As  it  cools  it  crystallizes  or  grains,  forra<* 
fiig  an  irregular  mass  srpifaied  from  the  unerystalH- 
xed  syrup  or  mtimtet*  From  the  cooler  it  is  taken  and 
pot  into  empty  hogsheads,  having  holes  in  the  bottom  \ 
through  each  hole  the  stalk  of  a  plantain  leaf  i§  thffdff« 
Jong  enough  to  rise  above  the  lop  of  the  hogshead. 
Through  these  holes  the  mehsses  drain  into  a  receiver. 
In  about  three  weeks  the  sugar  becomes  tolerably  dry 
iud  fair,  and  the  process  is  finialud.     The  sugar  in  thb 
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Mate  ir  lent  to  Britno,  ^ 
ViMVMgar*,  AgtUwoftli 
•fiange  aboat  t  pound  of-mw 
•i>  In  tho  French  WeH  Ind»ii 
whet  duRHMit*  ■  FnMn  tto  fee 
jopooiod  iotooooical  ehnped 
demoet.  *  Artoon  m  it  hot 
wilhdnwn  fimn  the  point  oft 
snflefQQ  to  dnin*  W^hta  ^no  i 
of  dnj  noiitaied  with  wotar  1 
The.wtter  from  thii 
r,  oarriet  down  tho  femu 
gar  treated  in  thtt  way  it  o 
peaee»  it  said  to  have  been 
A  hen  having  Imt  feet  diit| 
angary  and  the  tngar  under  hi 
liNMi  elsewhere,  Bj  cbiyingy  i 
third  of  Its  weight ;  but  a  co 
loet  maj  be  obtained  bj  boil 
rum  off.  The  process  is  not 
in  tlie  British  isltnds  as  the 
lowed  X* 

9.  In  North  America  the  i 
their  own  use  bj  a  still  simp 
of  the  acer  saccbarumm  or  s 
abounds  in  the  woods.  It  x 
120  jearsy  and  is  then  from  t^ 
ter.  In  Februarj^  March,  ai 
with  an  auger  to  the  depth  < 


a  Bdwardi*  WiUry  •/th« 
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Ascending  direction*  The  hole  is  then  deepened  to  two 
inches.  A  wooden  spoui  is  iatroduced  into  the  hole  to 
direct  the  flow.  The  sap  flows  from  four  to  six  weeks. 
When  it  ceases  on  the  south  side,  the  north  side  is  bo- 
red. This  process  does  not  injure  the  tree  ;  but  on  the 
cootrarj  improves  it.  An  ordinary  tree  yields  in  good 
seasons  from  twenty  to  thirty  gallona  of  sap;  from 
which  are  made  from  five  to  six  pounds  of  sugar ;  or 
every  forty  pounds  of  sap  yields  about  a  pound  of  su- 
gar ;  so  that  it  is  not  one-sixth  so  rich  as  the  East  In* 
dia  sugar  cane. 

*  The  sap  ought  never  to  be  kept  longer  than  twenty- 
four  hours  after  it  is  procured  from  the  tree.  It  is  im- 
proved by  straining  through  a  cloth*  It  is  put  into 
large  flat  kettles »  mixed  usually  with  quicklime^  white 
of  eggy  and  new  milk,  A  spoonful  of  slacked  Itmci 
the  white  of  one  egg,  and  a  pint  of  new  milk,  is  sufli- 
cient  for  fifteen  gallons  of  sap*  A  little  butter  is  addl- 
ed to  prevent  the  sap  from  boiling  over*  When  boil- 
ed down  suflficieotlyy  it  is  allowed  lograin^  or  form  into 
small  crystals,  which  constitute  raw  sugar,  and  then  pu- 
rified in  the  usual  manner  *. 

4,  The  raw  sugar  imported  into  Europe  is  still  far-  RefiniDgoC 
Iher  purified.  It  ii  dissolved  in  water,  mixed  with  *"^* 
-Ume^  clarified  by  means  of  bullock^s  blood,  boiled  down 
to  a  proper  consistency,  scumming  off  the  impurities  as 
tbey  rise  to  the  top,  and  then  poured  into  unglaxed  co- 
aical  earthen  vessels,  where  it  is  allowed  to  grain.  The 
|)oitit  of  the  cone  is  undermost,  and  perforated  to  allow 
the  impurities  to  separate.     The  base  of  the  cone  isco- 
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vcf€d  with  noisi  clay  j  Uk  water  of  wltich  gnU]] 

fihtn  through  the  sugar,  and    displAoet  a  iiuwiiaj  | 
impure  liquid.     The  sugar  thus    purified  ii  c&Utd  i 
iugar.  .  When  reditioU'td  and  treated  m  the  tanwi 
a  second  lime,  it  i»  called  rtjintd  sugar.     Thii  i 
appears  to  have  been  first   practised    bj  lb«  Vc 

5-  In  the  East  Indies^  where  they  make  ttrji 
sugsr,  their  process  is  rcmai kably   simple  aad  ea 
micaly  but  tedious*      An   aecount  of  this  procrn^sj 
practised  about  Atka  and  Barampour,  has  btea  | 
by  Mr  Anderson,   surgeon   of  the    Madras  eiis 
mcnt.     The  cane  juice  i^  first  ^tratiied,  aiMl  then  I 
with  a  Hirle  lime  to  the  proper  ccNisistencjr  for  ps^  | 
sag*     It  is  aftei  wards  put  into  smaQ  eanbeo  pots  ici 
mouths  six  inches  wide^  and  allowed  to  remsmit  kvi 
month  \  somrtimcs  six  or  eight  mcMiths.    A  hdetiiiD 
made  \x\^  the  bottom  of  the  pots,  and    the  liquid  i?n^ 
suflTered  to  run  ofT  from   the  crrstaHiccd  sugar.   'Re 
sugar  is    put  upoji  a  eJoih  and   scjurex^d,  beng  ccs 
sionally  tnoisteocd  with  water^    tbe    better  to  rmvs 
the  remains  of  the  sjrup*     It  ii  then  dtsiolrcd  ia  m- 
ter»  and  boiled  a  second  lime  to  the  propet  coaiiltflN^, 
milk  and  some  water  being  added  from  time  to  liiir 
to  order  to  clarify  it,  and  the  scum  being  rcmiwd  isii 
rises.     It  ia  poured  into  small  wide -mouthed  poti,«£- 
fered  to  crystal! i;te,  and  a  hole  bored  m,  the  bonona 
the  pots  to  allow  the  remains  of  the  syrvp  toma  cC 
To  whiten  the  sugar,  the  tops  of  tbe  pots  are  eotcni 
with  the  leaves  of  the  ititfing  vm€  ;  and  these  art  ft* 
newed  every  day  for  five  or  six  days.      Wlieo  pareis* 
gar  randy  li  waoted,  the  sugar  tlitia  obteiiied  is  fiML 
ved  in  water  again,  and  (he  sanve  prucesa  of  Mlni| 
with  milk  and  scummiog  is  repeated.      When  jmm 


sttpAk* 
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|nto  pots,  thin  slices  of  bamboo  irc  introduced,  which      t:M>^  ^ 
prevents  it  from  running  into  lump%  and  induces  it  to 
nm  Urge  crystals  *. 
0,  According  to  Dr  Higgins,  who  went  to  the  West  Th^oiy  of 

on  purpose  to  examine  the  roanafacturc  of  su*  |^^* 
^  the  juice  of  the  sugar  cane  contains  a  great  number 
f  bodies  ;  but  the  most  important  of  them   (not  rec- 
oning  sugar  and  wafer)  are  those  which  he  calls  Ber^ 
*Qceoiij  matttr  and  mtlasses  acid*      Concerning  the  na- 
ure  of  these  substances  nothing  very  precise  is  known  ; 
Ut  the  great  object  of  the   manufacturer  is  to  remove 
hem,  as  they  impede  the  crjstalHxrng  of  the  sugar* 
e  herhacftius  matttr  \  is  partly  held  in  solution  by  the 
ater,  partly  by  the  carbonic  acid«     When  the  liquid 
Ss  heated  to  140^,  the  carbonic  acid  is  disengaged,  and 
the  herbaceous  mafler  separates  in  flakes  of  an  oliire 
Ijgreen  colour.      This  produces  the  scum*     Lime  facili- 
tates the  separation^  partly  by  abstracting  the  carbonic 
icid,   and   partly  by  forming  an  insoluble  compound 
vilh  the  herbaceous  matter.     Hence  its  use  in  the  first 
part  of  the  process.     It  is  called  temper  by  the  manu- 
Uacturers.      Too  much  is  injurious  in  the  first  part  of 
Pl[»e  process.     It  redissolvcs  the  herbaceous  matter,  or 
l^it  least  deepens  ihe  coloor  of  the  syrup  J, 

The  nature  of  the  mtlassts  arid  is  not  belter  koown 
^|han  that  of  the  herbaceous  matter ;  but  it  combines 


f  Thi*  i»  prob;ibly  a  dWerrnt  ttibuCtnce  from   vnj  thir  wc  knew  H 
|ifCMnt.     It  leeim  to  piMBetf  many  rttipenie%  in  comtnoD  with  gitft^. 
I'  I>r  Hi^geai  Myt  ilut  it  a^ctt  ifi  its  [K-opertici  with  ihc  4itg*  ifl  re* 
L  fined  »i>digo, 
f     t  Sec  HigfiiM'  Obier  vttitioi.  Hit.  AS^.  wt>  jot. 
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With  the  sugar,  and  forms  an  ftncryfttDixablc 
Lime  ii  necessary  in  the  last  part  of  tlie  proceni 
nuive  this  acid  ;  it  combines  vrtih  ily  and  the  comp 
nmsoif  with  the  tynip  during  the  graining  of  tbei 
gar  *.  This  acid  is  no  doubt  that  which  ejcisu  ia  \ 
ripe  canes,  and  the  quantity  of  it  af  course  dimifiitki 
as  tlie  cane  improves  in  quality*  I  have  been  infoonl 
by  my  friend  Dr  Clarke  of  Dominica,  that  the  qtna. 
tity  of  lime  necessary  is  much  Ic^is  when  the  ^acsin 
rich  and  ripe  than  when  green  or  lodgai,  or  when  thcj 
have  been  cut  some  time  before  they  arc  bruiied  in  1 
roitl:  and  that  he  has  known  tlie  juice  of  rattoon  i 
canes  boiled  down  into  permanent  crystals  of  sii^ 
without  the  assistance  of  any  lime.  He  subslit 
poUsh  instead  of  lime  ^  but  found  that  the  stfgar  obtiflT' 
cd  by  this  method  was  liable  to  deliquesce*  Sodamtje 
the  grain  firmer,  but  smaller  than  uaoal.  Thcie  hth 
would  lead  to  a  suspicion  that  the  melassfs  aeii  it  6* 
thcr  the  actttc  or  the  citric.  Dr  Cln-^  -'-  rxpcrimcau 
should  exclude  the  oxalic,  tartaric,  a<  c  adds* 

These  obsetvations  of  Dr  Clarke  agree  very  well  with 
the  account  of  Dutrone,  who  made  a  verjf  great  nu 
ber  of  experiments  on  sugar  cane  jaice,  and  wan 
well  acquainted  with  its  propenici.  According  10 1 
it  chiefly  consists  of  sugar,  extractive,  and  two  i 
kinds  of  fecula,  which  are  precipitated  hy  Jimc. 
endeavours  to  prove  that  unaltered  juice  coniaitis 
acid,  and  his  experiments  are  sufficient  to  conYioce  nt 
that  the  quantity  of  acid  is  at  least  very  minute  f* 


*  Sec  Higgifi!*  Obtemtjont,  PliL  Mtg*  xiiv.  308. 
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.  Dutrone's  experiments  were  made  before  vegetable  Ghaf.L 
chemistry  had  made  nearly  the  progre^is  which  it  has 
now  reached.  Hence  it  is  difficulty  from  bis  description, 
to  recognise  the  substances  which  he  found  m  sugar 
cane  juice.  But  this  loss  has  been  supplied  by  the 
late  experiments  of  Proust.  Living  in  Spain  where  the 
sugar  cane  is  still  cultivated^  he  had  an  opportunity  o£ 
examining  its  juice.  He  found  it  tp  contain  gluten  or 
green  fecula,  gnni,  extractive  malic  acid,  sulphate  of 
lime,  and  two  species  of  sugar  ;  namely,  common  su* 
gar,  and  a  species  which  is  incapable  of  crystallizing, 
and  can  only  be  exhibited  in  the  state  of  syrup,  and 
which,  for  tliat  reason,  he  calls  liquid  jugar*  The 
quantity  of  acid  was  very  minute,  and  probably  in  a 
warmer  climate  than  Spain  its  ijuantity  would  be  still 
smaller  *. 

According  to  Dutrone  sugar  canes  give  about  half 
their  weight  of  juice,  the  specific  gravity  of  which  va- 
ries from  1*033  to  1-100.  It  is  at  first  opaque,  but 
when  the  feculent  matter  has  precipitated,  it  becomes 
transparent,  and  of  a  green  colour.  When  allowed  to 
stand  for  some  time  it  runs  into  acidity,  but  if  the  fecu* 
lent  matter  be  removed  it  undergoes  the  vinous  fermen- 
tation. 

7.  Sugar  procured  pure  by  the  preceding  methods   propmlet. 
has  a  very  strong  sweet  taste,  but  no  smell.     Its  co- 
lour is  white  ;  and  when  crystallized  it  is  somewhat 
transparent.    It  has  often  a  considerable  degree  of  hard- 
ness ;  but  it  is  always  so  brittle  that  it  can  be  reduced 

without  difilculty  to  a  very  fine  powder.     When  two 
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sir  are  rubbed  •gaiJist  each   i 
dsrki  II  strong  phosphorescence  ii  vtiible. 

Sttgar  it  not  altered  by  exposure  to  the  atmoiflliifE, 
excepting  only  that  in  damp  air  tt  absorbs  m  litlk  moos. 

6.  It  IS  exceedingly  sotubte  in  water.  At  tJie  low 
perature  of  4S',  water,  according  lo  Mr  W«iijd^  & 
solves  \t%  own  weight  of  sugar  •*  The  solVesil  poim 
of  water  increases  with  its  tctnpermiure  ;  wbai  ocar^M 
the  boiling  point,  il  is  capable  of  dissoWiiig  any  qoa. 
tity  of  sugar  whatever.  Water  thus  saturmied  with  m* 
gar  is  known  by  the  name  of  {yr^. 

Syrup  IS  thick,  ropy,  and  very  adhesive ;  wha 
Spread  thin  upon  paper,  it  soon  dries,  aad  foroisa  I 
of  varnish,  which  ix  easily  removnl  by  water.  Its  j 
cific  calotic,  according  lo  the  cxpertmeciu  of  Dr  Cr 
ford,  il  l*0d6.  When  syrup  is  sulficienily  cooceairs. 
ted,  the  sugar  which  it  contains  may  be  oblmbclj 
crystals.  The  syrup  is  boiled  down  tiU  It  is  I 
poured  immediatciy  into  pans,  and  kept  in  a  stofi] 
room,  heated  so  as  not  to  be  supported  by  auimah  (tr 
any  length  of  time.  Tlie  crystaJs  concrete  upooa&tlt 
sticks  placed  in  (he  pans  for  that  purpose  f*  Tbtpri* 
Eiiitive  form  of  the&e  crystals  is  a  four.sided 
whose  base  is  a  rhomb,  the  length  of  whtcb  is  to  j 
breadth  as  10  to  7,  and  whose  height  is  a  mean  prap 
lion  between  the  length  and  breadth  of  the  base, 
crystals  are  usually  four  or  six  sicfed  priami, 
by  two'iided,  aud  sometimes  by  three.ssded  suauaitif 
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5>,  The  specific  gravity  of  very  white  sugar,  accord-      Ch^p-  ^^ 
Ing  to  rhe  experiments  of  Fahrenheit,  is  1*0065  * ;  ac- 
cording to  Hassenfratz»  it  is  only  l-4045f* 

10-  Sugar,  as  far  as  is  known,  is  not  acted  upon  by 
oxygen  gas.  The  effect  of  the  simple  combustibles  on 
it  has  not  been  cried  ;  hut  it  docs  not  appear  to  be  great* 
Azotic  gas  nor  the  metals  have  no  sensible  action  on  it* 

11.  The  earths  proper  do  not  sectn  to  have  any  ac* 
tion  whatever  on  sugar  ;  but  the  alkaline  earths  unit^  tugUi 
with  in  When  lime  is  added  to  a  soiaiion  of  sugar  in 
water,  and  the  mixture  boiled  for  some  time,  a  combi- 
nation takes  place.  The  liquid  sliU  indeed  retains  its 
sweet  taste  j  but  it  has  acquired  also  a  bitter  and  as- 
tringent one*  A  little  alcohol  added  to  tlie  solution 
produced  a  precipitate  in  white  flakes,  which  appeared 
to  be  a  compound  of  sugar  and  lime.  Sulphuric  acid 
precipitated  the  lime  in  the  state  of  sulphate,  and  re<< 
Mored  the  original  taste  of  the  sugar.  When  the  com- 
pound of  sugar  and  lime  was  evaporated  to  dryness,  a 
semitransparent  tenacious  syrup  remained,  which  had  a 
rough  bitter  taste,  with  a  certain  degree  of  sweetness  |* 

From  the  experiments  of  Mr  William  Ramsay,  it  ap^ 
pears  that  sugar  facilitates  and  increases  the  solubility 
of  lime  and  strontian^  and  forms  a  combination  with 
them.  But  barytes  seems  to  act  with  more  energy^ 
and  to  occasion  a  partial  decomposition  of  the  sugar: 
For  on  endeavouring  to  dissolve  it  in  syrup  it  was  coQ« 


H  f  Mm.  Jt  Chtm,  txviJL  ij. 
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Book  IV.    tunlW  converted  into  a  carbonale,  ainl  very  liiiU  i 
sequence  dipnoi  ved  * . 

OfaHL^iet,  1^*  The  fixed  alkalies  combine  with  luji^ar,  m 
Qom]>oundik  KCt  unlike  that  wkich  has  been  )u4l< 
bed.  Potsi$h  dcftrojrs  the  sweet  iaMC  of  wjm^  mm^ 
completely  tbaa  lii&ei  hot  wbra  U  tii  ney traiii^  b) 
sulphuric  &dd,  and  tlie  uilpliaie  pf  ecipiuied  bj  sW 
bol,  the  sweet  taste  is  complctelj  rc&tared.  Wbcai^ 
cohol  is  agitated  witl)  the  compound  of  tiig^r  Mdfi^ 
f#h  dissolved  ill  water,  it  refiiscs  lo  um%s  with  stphA 
swirus  on  the  top  in  a  state  oC  purity  f  • 

Ofacidi,  ^^-  The  acids  are  capable  of  di&aolving  sngsr,  mi 

those  which  are  coDcentrmled  drcotnpose  it*  Sdipbobr 
acid  very  soon  acts  upon  it  |  water  i%  fermedf  aad  |» 
haps  also  acetic  acid ;  while  charcoal  is  evolved  ia  giai 
abundance^  and  gives  the  ouxture  a  black  coloor«  md  i 
considerable  degree  of  consistency  •  The  ^tiarcoilMj 
be  easily  separated  bv  '  '  i  and  filtralioQ.  Wkn 
beat  is  applied,  the  sui^  ^cid  is  rapidly  CFOvded 

ioto  sulphtsrous  acid. 

Nitric  acid  dissolves  it  with  an  elTcrvesccflcei  oocu 
sioned  by  the  evolution  of  niirotts  gai,  aad  ^mftnih 
into  malic  and  oxalic  acids*  480  grains  of  sUftTi  trar* 
ed  with  six  oiioces  of  nitric  acid,  diluted  with  ibovn 
weight  of  water,  and  cautiously  heated^  scpsrstiaftk 
crystals  as  they  foroted^  j^ielded  280  grains  of  etdic 
acid.  So  that  100  parts  of  sugar  yield  by  Ihit  txm* 
ment  5S  parts  of  oxalic  acid  t»  Wbea  liquid  odyma* 
riatic  acid  is  poured  upon  sugar  in  powdcTp  tl  is  disiai* 


•  Njch<il»or.'«  7wr,  iiriii.  9. 

f  Cniicktfeankt,  RoUo  m  DwUtfs^  p.  460^ 
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ved,  and  iiDmedtTtely  converted  into  malic  acid ;  and 
the  oxjr muriatic  acid  is  converted  into  common  muria- 
tic acid  •, 

Sugar  absorbs  muriatic  acid  gas  slovrlj,  and  assumes 
a  brown  colour  and  very  strong  smell  t»  The  vegetable 
acids  dissolve  it  j  but  seemingly  without  producing  any 
alterarion  on  it. 

14*  Sugar  is  soluble  in  alcohol,  but  not  in  so  large  a  Of  atcohol, 
proportion  as  in  water.  According  to  Wenzcl,  four 
parts  of  boiling  alcohol  dissolve  one  of  sugar  J.  But 
this  proportion  is  surely  too  great.  Lewis  could  only 
dissolve  one  part  of  sugar  in  12  of  boiling  rectified  spi- 
rits, and  Margraf  in  lo  parts.  When  the  solution  is 
^et  aside  for  a  few  days^  the  sugar  separates  in  elegant 
crystals  J.  Sugar  unites  readily  with  oils,  and  renders 
them  miscible  with  water.  A  moderate  quantity  of  it 
prevents,  or  at  least  retards,  the  coagulation  of  milk  , 
but  Sbheele  discovered  that  a  very  large  quantity  of 
sugar  causes  milk  to  coagulate  ||. 

15.  The  hydrosulphurets,  sulphurets,  and  phosphu-  oftulphw- 
rets  of  alkalies  and  alkaline  earths,  seem  to  have  the  ^^^* 
property  of  decomposing  sugar,  and  of  bringing  it  to  ai 
state  not  very  different  from  that  of  gum.  Mr  Cruick* 
shanks  introduced  a  quautiiy  of  syrup  into  a  jar  stand- 
ing over  mercury,  and  then  added  about  an  equal  quan- 
tity of  phosphoret  of  lime.  Phosphurcted  hydrogen 
fas  was  immediately  extricated.     In  eight  days  the  sy- 
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mp  wn  withdmwn  :  it  had  lost  its  sw»el  i^sic^  4i4l 
quired  a  bitter  and  astringent  ooe  *.  From  Uvit  mIo^J 
lion  alcohol  threw  down  white  flakes,  very  fRoeki 
aembling  those  of  mucilage  scpariited  from  water  hj 
the  same  liquid  f.  A  little  sugar  waa  dtaaolired  ia  il. 
coholt  and  phosphurct  of  Hnne  added  lo  iu  Ko  appi* 
rent  mction  took  place.  The  mixtiire,  mfter  stacidio|iaj 
the  open  air  for  some  dajs,  was  evaporated  and  vitif 
added*  No  ga*  was  disengaged,  ai  the  photphurct  bal 
been  converted  into  a  phosphate.  The  liquid  betojfl. 
tered  and  evaporated p  a  tenacioui  substance  remaisdl, 
much  resembling  gum  arable.  Its  taste  uraa  bittefi  vit^ 
a  slight  degree  of  sweetness.  It  did  not  seem  aoUUi 
in  alcohol.     It  burned  like  gum  |. 

Similar  experiments  were  made  by  this  iogl 
chemist  with  the  sulphurers.  The  sweet  taste  qI  tbt 
sugar  was  destroyed  ;  but  on  account  of  the  solubility 
of  the  different  products,  the  nature  of  the  change cooU 
not  be  ascertained. 

16.  When  heat  is  applied  to  sugar  tl  melts^  swdli, 
becomes  brownish  blackp  emits  air  bubbles,  and  exhala 
a  peculiar  smell,  known  in  French  by  the  name  of  C0k 
rcmtl.  At  a  red  heat  tt  instantly  bursts  into  flainei 
with  a  kind  of  explosion.  The  colour  of  the  fliineii 
white  with  blue  edges. 

When  fugar  is  distilled  in  a  retort,  there  coma 
a  fluid  which,  at  firsi,  scarcely  differs  frono  pure 
by  and  bye  it  is  mixed  with  what  was  formerly  caDd 
pjrromncous  acid,  and  is  now  known  to  be  a  compotmd 


a  Thti  if  the  taitc  of  phoipharet  of  lime. 
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of  oil  and  acetic  acid  *  ;  afterwards  some  cmpjrcamj- 
tec  oil  makes  its  appearance,  and  a  bulky  clurcoal  re- 
mains in  the  retort.  This  charcoal  vctj  frequently 
contains  lime,  because  Untie  is  used  in  refining  sa^^ar  j 
but  ifthe  sugur,  before  being  submitted  to  diu  lUtion^ 
be  dissolved  in  water,  and  made  lo  cryitallize  bjr  era* 
porarion  in  a  temperature  scarcely  higher  than  thai  of 
the  st«Tiosphere>  no  lim<  whatever,  nor  any  thing  eUe, 
except  pure  charcoal,  will  be  found  in  the  rctnrr.  Du- 
ring the  distillation,  there  comes  over  a  considerable 
quantity  of  carbonic  acid  and  carbureted  hydrogen  gas  f . 
Sugar  therefore  is  decomposed  by  the  action  of  hc^t ; 
and  the  following  compounds  are  formed  f^om  it : 
Water,  acetic  acid,  oii,  charcoal,  carbonic  acid,  carbu- 
rcted  hydrogen  gas*  The  quantity  of  oil  in  a  separate 
state  is  inconviderable  ;  by  far  the  mo'tt  abundant  pro- 
duct is  pyrumucous  acid.  Sugar  indeed  is  very  rea- 
dily converted  into  pyromucous  acid  ;  for  it  makes  its 
appearance  always  whenever  syrup  is  raised  to  ibe 
boiling  temperature. 

We  are  indebted  to  Mr  Cri^ickshanks  for  the  raos! 
precise  set  of  eiperiments  on  the  decomposition  of  su- 
gar by  hear.  480  grains  of  pure  sugar  were  introduced 
into  a  coated  retort,  and  heated  gradually  to  redness. 


•  Schrickcl,  in  hii  dIti«tition  /#  taUtnf  t^rthaHmh^  published  In  1 776^ 

cndeiirou  red  ta  «how  that  ffyrdmtictJt  aciJ  wii  a  niHturc  of  vincgir. 

eiiilic,  ind  tartaric  adda.    Fourcro^  and  Vauquclm  hate  profvd  I 

^  lateljr,  that  it  u  mcrdy  acetic  acid  united  to  a  liuk  vil. 

f  Sfopoli  jad  Morveaa,  Entjc,  M^L  Ctim,  1 169. 
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Fjromucoat  «d4  with  a  drop  or  two  o£  oil  sio  piiu 
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The  pjromacoai  acid  r^uired  ahoat  75jgaamdi 
ffolotioo  of  potash  to,t«t^^lU  it ;  aad  wheo  cbiuaeito> 
lisedy  no  ammonia  was  di^ogaged*  Boi|ce  spigir  c^ 
labs  no  azote,  unlets  we  siippoae  m  ver  j  minus  p^ 
lion  to  be  present  in  the  pfrompcooa  acid;  sodetoi 
'  this  is  not  likel/.  The  chwcoal  buroa  wtnj  witkst 
leaving,  aoj  residue.  Henoe  jogar  cootaws  ss  safb 
90^  fixed  alkali.  The  propsrtioo  of  the  gassanfif- 
.ducts  was  110  oi^ice  meitturet  of  carbureted  h|dBfES, 
and  41  ounce  meuurcs  of  carbootc  acid  ga«  \ 

These  ezperiments  ansauffideot  to  ahow  n^  thtfl* 
gar  is  composed  entire|)r  )tf  wjgcn,  catboiiy  aad  kjh^ 
gen.    It  is  of  course  a  vegetable  pxide«     Lavoisier  ha 
concluded,  from  a  series  of  experiments  on  the  vioooi 
fermentation,  that  these  tubstances  enter  into  the  son- 
position  of  sugar  in  the  following  proportions ; 
04  ozjgen 
28  carboy 
8  hydrogen 

100 

The  result  of  a  set  of  experiments  on  the  actioe  of 
aitric  acid  on  logar,  gave  me  very  nearly  the  aaoM  mpk 
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Sugar  I  foDiid  composed  of 
64*1  oxygco 
2T5  carbon 
7*8  hjdrogen 


100*0 


Nitric  8cid  sets  upon  the  carbon,  and  converts  one 
half  of  it  to  carbonic  acid.  The  remainder  of  the  sogtr 
resolves  itself  into  oxalic  acid  and  water*  Sugar  ap« 
pears  from  my  experiments  to  be  composed  of  1 2  atoms  ; 
nameljy  5  atoms  of  oxjgen,  3  of  carbon,  atid  4  of  hydro- 
gen.    Its  weight  is  47*5  *. 

1 7*  From  the  experiments  of  different  chemists,  espc-  s^^^^^ 
cially  of  Proust  and  GoetlUng,  it  appears  that  there  are 
diSerent  species  of  sugar  found  ready  prepared  in  the 
vegetable  kingdom  ;  distinguished  from  each  other  by 
the  figure  of  their  crystals,  and  other  variaLions  in  their 
properties.  The  species  hitherto  examined  arc  four  in 
number  ;  namely,  common  sugar,  liquid  sugar^  sugar 
of  grapes,  and  sugar  of  beet  -,  and,  perhaps,  also  manna 
ought  to  be  considered  as  constituting  a  filth  species. 

Common  sugar  is  the  substance  which  has  been  dew   Commoo. 
scribed  in  the  preceding  part  of  this  Section,     ft  it  ob- 
tained from  the  sugar  cane.  As  far  as  is  known  at  pre- 
sent, there  is  no  difference  between  the  sugar  of  the 
maple  and  common  sugar. 

18,  Liquid  sugar  was  first  pointed  out  by  Proust,    y    .^ 
He  has  shown  that  it  exists  in  a  variety  of  fruits  and 
vegetable  juices.     It  is  distinguished  from  every  other 
species  of  sugar  by  being  incapable  of  crystallixing* 
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parent  nd  oakmrlta  wb«a  pnotw  "^^  ^  okvi  told 
in  aloobol  than  epounon  mgar,  Bj  »aans  of  thu 
qoid  it  maj  ba  tepantcd  frooi'Vainaoaasgnr  whom 
happan  to  be  OMxad.  It  exiata  in  itM-ongnr  cane  jai 
and  eocifltitotet  aeoording  to  Prooat  m  conaidcrahk  p 
tiM  of  tba  molaaaeif  .  Ii  exiata  n)ao  in  grnpea.  paid 
nppica^  and  other  friiita^.  Erom  the  ezpcriBcaii 
Anarie  it  eppearsi  that  n  Uguid  aiig^r  mn/  alaa  k( 
tained  from  fbeatall^a  of  the  ZaoA£a|p/,  or  Indiaaea 
but  BO  flMthod  tried  waa  cepnbk  of  induciog  it  lacr 
tallixef. 

}9*  That  grapea  contain  a^^mdnnce  of  aogarjnik 
Jong  l^nowOf  The  I)uc  da  Bullion  firat  c^dnciri 
fpooi  tlw  jttic^  of  grapea,  end  Proiiat  pointed  oottk  I 
larenoe  between  it  and  conunon  augnr.  The  jm 
grBpe%  aeooiding  to  him^  7ielde4  from  SO  to  iOj 
fttH^  of  thia.angar  t*  The  angnr  of  gnpea  it  aot 
Whito  at  comaioii  aogar^  but  it  cr^rataUiKca  nindi  ■ 
feadjly  J. 

Proust  has  lately  published  a  long  diasertatioo  pa 
properties  of  this  sugar  and  the  ipethod  of  eJUractii^ 
from  grapes.  It  has  become  of  great  importance  on 
continenti  on  account  of  the  difficulty  of  obtaining  w 
from  the  west  Iqdies  duriug  the  war  between  this  co 
try  and  France. 
VerjQice.  Verjuice,  or  the  liquid  o()taincd  from  unripe  gra 


•  ProvMtifw.  dfCLim.  Iwiu  131.  f  jtmm.^aimh, 
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contains  tartar,  sulphate  of  pota&b,  sulpliale  of  lime,   ^CKap.t* 
much   citric  acidi  a  little  malic  acid^  extractive,  and 
water  s  but  oettlier   gum  nor  sugar.     As  the  gripes 
advance  to  uiaturit)*,  the  citric  acid  gradual! j  disap. 
pears,  and  gum  and  sugar  appear  in  its  place. 

The  juice  of  ripe  grapes  contains  also  gluten  and  fi*  jufceof 
brous  inatterp  merely  in  a  state  of  miiturey  and  there-  "P*  K'^f*** 
fore  separable  by  the  filter ,  or  still  belter  by  boiJing 
uad  scumming  the  liquid.  The  substances  held  in  si>- 
lution  are  chiefly  sugar,  syriip^  gluten,  gum,  and  ex- 
*  tractive.  When  this  juice  if  evaporated  to  dryocss,  it 
yields  from  a  third  to  a  fifth  of  solid  ttiatler,  according 
to  the  species  of  grape  employed,  ^nd  the  season  of  the 
year. 

To  extract  the  sugar  from  this  juice,  Proust  satu*  Sugar tf 
rated  the  acids  which  it  contains  with  potash,  boiled  it  *^ 
down  to  a  half,  and  left  it  at  rest.  By  this  means  seve- 
ral ot  the  salts  subsided.  Its  specific  gravity  was  1"215* 
It  was  then  mixed  with  bloody  heated »  scummed,  (iltcr. 
ed|  and  boiled  down  to  a  syrup,  Ir  gr.^du»lly  becomes 
crystallised,  and  resembles  the  raw  sugar  from  the 
West  Indies.  In  this  state  its  specific  gravity  is  about 
l'5oci.  This  raw  sugar^  according  to  Proust,  is  com- 
posed of 

CrystiUizable  sugar.***.* ♦* 75*00 

Syrup,  or  uncrystallizablc  sugar*. ••.,24*44 

Gum**..* ...M •^  0*31 

Malatc  of  lime ••.•••• «..•«..  0'25 

loo-oo 

Besides  some  extractive^  the  quantity  of  which  cannot 
well  he  ascertained*  The  syrup  holds  in  solution  a 
considerable   quantity^    probably   more   ihau^  half   its 


mso  iifOREBiEyn  or  plakts. 

Book  IV.    weight)  of  cryauUiz&bU  sugar  ;  but  it  it  diiRcult  to  se- 
parate it. 

The  raw  sugar  thus  obtained  is  not  so  sweet  as  tint 
Irom  the  sugar  cane,  since  four  parts  of  the  latter  vifl 
go  as  far  as  five  parts  of  the  former.  But  it  mij  be 
vpplied  to  all  the  purposes  of  common  raw  sugar. 

This  raw  sugar  may  be  refined  precisely  in  the  nae 
wnj  as  that  of  the  sugar-cane.  It  is  then  white,  bot 
inferior  in  consistence  to  common  sugar.  It  is  not  n 
sweety  and  has  a  striking  resemblance  to  the  sugvof 
honey.  It  docs  not  crystallize,  but  assumes  the  forn 
of  sphericles.  It  is  not  so  soluble  as  the  sugar  of  caan, 
and  is  therefore  more  easily  separated  from  the  other 
substances  in  the  juice  of  grapes. 

Proust  informs  us  that  the  raw  sugar  from  grtpes,irben 
diluted  sufficiently  with  water,  ferments  and  is  coowit- 
ed  into  wine. 

Of  beet.  90.  Margraf  discovered  sugar  in  the  roots  of  the 

lium  sisaruWy  and  the  beta  vulgaris  and  cicla^  and  poin*. 
ed  out  a  method  of  extracting  it  in  the  large  wajV 
His  method  bears  a  striking  resemblance  to  that  prac. 
tiscd  in  India,  as  described  by  Mr  Anderson,  and  lik? 
it  was  extremely  tedious.  Achard  has  lately  madeir- 
veral  attempts  to  extract  it  in  the  large  way  frotntht 
roots  of  the  beet.  The  experiments  of  that  philosc 
phcrt,  of  Lampadius  t,  of  the  Committee  appointed  br 
the  National  Institute  $,  of  Goettling  ||,  and  of  Hcrmb- 
stadt  If,  have  thrown  more  light  on  this  interesting  su':- 


*  Cpusc.  i.  iz.  f  Am,  de  CLim,  xxxii.  163.  and  zcdiL  6r 

I  Ibid,  xzxviil.  76.  }  Ibid.  xxxv.  134. 
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jccl#*  The  method  wiikli  succtedcd  best  wiih  Ach;Lid 
was^  i  '  boil  the  bcci  root*  {jd  pnred  at  ibc  heart)  till 
tbej  became  so  soft  3^%  to  be  ea«ilj  jnerced  by  a  sirmw, 
•Thej  are  theo  cut  into  alic^Sy  and  liic  juice  forced  out 
by  prcssui         VV  it^s  i$  lelt  £tjr  twelve  hours 

in  wateri  .i  ejected  to  tbe  |jre&&  i  second 

lime.  The  liquids  thus  obtuned  are  filtered  through 
flantiel,  boiled  down  lo  two  thirds,  filtt:red  a  second 
timcy  reduced  by  boiling  to  one  third  of  the  original  ti- 
quiiiy  filtered  a  third  tiine^  and  then  evaporated  to  the 
coDsistence  of  a  syrup.  The  cryttalline  crust  which 
forms  on  the  surface  is  to  be  broken  trom  time  to  time, 
aad  the  spontaneous  evaporation  continued  till  the  sur- 
face becomes  covered  with  a  tough  coat  instead  of  crys- 
tals* The  whole  is  then  to  be  thrown  into  wooUen 
bags,  and  the  mucilaginous  liquid  separated  from  the 
crystals  by  pressure.  Lampadius  and  the  French  che- 
mists thiok  it  better  to  employ  the  roots  unboiled. 
According  to  Achard,  sugar  may  by  this  process  be  ob- 
tained ai  the  rate  of  about  fourpence  per  pound.  The 
French  chemists  extracted,  by  means  of  alcohol,  a  quan- 
tity of  sugar  from  the  bect»  amounting  to  ^th  of  its 
weight ;  but  they  could  not  procure  so  much  by  A- 
chard^s  method.  They  calculated  the  expence  at  nine, 
pence  per  pound  :  a  price  by  far  too  high  for  allowing 
it  to  come  in  competition  with  common  sugar.  Achard 
Has  since  made  some  alterations  and  improvements  io 
his  process  *. 

The  sugar  obtained  by  these  processes  has  much  the 
appearance  of  raw  sugai  ;  but  it  may  be  refined  by  the 
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commom  processes,  tnd  browt'      '  Mccq. 

inon  lugar     From  the  rxperirii  gi'ti^ 

pears  that  beet  siif«r  i$  dUttngui^hed  by  a  etrtak4e. 
grec  of  a  naut^oos  bhtrrfusie  ;  owing,  it  ii  «0|>poK£, 
to  the  pn!i;encc  of  •  bitter  cxtrictive  matttr,  wind 
La  in  pad  i  us  bat  sbown  to  be  one  of  file  comtttsximtf 
the  bcTt. 

21.  Manna  was  long  conudered  at  a  mbttaxice  vt^ 
fell  from  the  heaTCJi»,  ttU  incontcsriblr  erptniikemi 4^ 
momtmred  it  to  be  an  ejeudation  from  ttrct,  h  Kn 
the  Ibf  m  of  oblong  globules  or  cn;is&ea,  of  a  TrO««^ 
whit0  colour^  and  totne  degree  of  inuiftparener.  h  ii 
the  produce  of  \*arfou*«  tries,  but  ia  cbie^jr  pwotai 
from  the  fraxinmt  ornust  a  apreiea  of  aah.  wYtich  ptirs 
abotidantl/  in  Sicily  and  Calabria.  It  partly uafo 
aponiaiitoo^ly  during  the  atifiiQi«r  atofithSy  andiipKt. 
ly  obtained  by  rxciMons.  Tiie  juice  gradoiltjr  os- 
crrtea  titto  a  solid  masi^  or  it  it  dried  ici  tbeaoaora 
stoves*^ 

Puic  mantta  is  irrry  lights  and  appetrt  to  conttiloTi 
coiigeriea  of  line  capillary  cryscaJi*  lu  lasttiiittHt 
Hid  it  leaves  a  nauseous  impressioa  on  the  tongue.  It 
acta  aa  a  mild  purgative,  Wben  dta^olred  tn 
may  be  obtaii^ed  again  unaltered  bjr  a  gentlt 
taoiu  Alcohol  dissolves  it  iw'iien  aa%taied  by  b«at;  mi 
the  solution^  when  s* '  '  jraduany  dopoattcaaNl 
J  lbs  of  lUc  matmsi   i  latc  of   a  fine  itbita  li|it 

spongy  crystalline  masS|  bearing   some  c«aft 
camphor.     This  depouie  has  aa  agreeable  sweet  tm^ 


•  i«c  Ncumin'f  Chemhirjtt  p.  jfij,  from  whteli  •!!  t^\f*ftanmJ 
mmn*  to  bt  ffMuid  in  cimnkal  bockt  hsvc  been  cof^ciL 
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RmJmsfSnUy  raelti  upon  the  tongue  like  snow  m  wbtbi  CK»p.L 
:  water*  This  maj  be  cotisidercd  as  pare  manna.  Ji 
'  differs  from  sugar  in  the  nature  of  its  crystals^  and  to 
Its  more  rapid  solubility*  By  evaporatmg  the  solutiotVf 
mnd  setting  it  aside  repeatedly,  about  f^hs  more  of  the 
tnanna  is  deposited,  but  not  so  fine  in  colour  or  taste  as 
the  first  precipitare*  By  evaporation  to  dryness^  the 
remaining  dih  is  obtained  in  the  state  of  a  thick  extract^ 
which  cannot  easily  be  reduced  to  dryness.  This  may^ 
be  coniidered  as  consisting  chiefly  of  the  foreign  bodies 
to  which  manna  owes  its  nauseous  taste  *.  Manna 
differs  from  common  sugar  in  several  remarkable  parti* 
calars.  It  dissolves  very  readily  and  abundantly  ia 
akobolft  and  crystallizes  on  cooling*  When  digested  iti 
nitric  acid  it  yields  both  oxalic  and  saclactic  acidSy 
whereas  sugar  only  yields  oxalic  acid +.  It  does  not 
ferment  like  sugar,  and  of  course  does  not  seem  capable 
of  furnishing  alcohol  t*  Itt  %  set  of  expenments  oa 
the  juice  of  the  common  onion  (^alnum  ctrpe)  Fourcroy 
and  Vauquelin  found  that  at  a  temperature,  between  66** 
and  fiO^,  it  gradually  underwent  the  acetous  fermenta* 
lion  without  emitting  any  gas  ;  and  that  by  this  process 
a  quantity  of  un  cry  stall  liable  sugar  which  it  contained 
assumed  most  of  the  properties  of  manna*  It  was  not 
precisely  the  same,  however,  with  manna,  for  il  did  ooi 
yield  saclnctrc  acid  when  treated  with  nitric  acid* 

The  common  manna  of  the  shops,  according  to  the 
experiments  of  Fourcroy  and  Vauquelin,  consists  of 
four  diS'erent  ingredients.   .  t*  Pure  matma,  which  con* 
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Plantt  con^ 

taining  tu* 


stiliiilaittkaft|tfaii  of  the  whole.  ^.  A  tittles 
ftOgar^  whidi  makes  il  fermentable  to  m  until  eiiat 
d»  A  ]relIo«v  uiaiter  wirli  m  oauseo<yi  odiJiir»  to  w^ 
tbe  purgatiTe  quaHty  of  manna  secmft  owing*  i.  A 
liiLle  mucikgir  convrrubJe  into  sftclmctic  add*  T)m 
la»t  ingrediem  aeems  hypothcUcmU  Scveni  mhm^ 
oat  b)r  fcfmeiitti^  seem  to  be  cooveried  into  i 
The  iifgar  in  ooion  juice  hat  been  already 
Fourcroy  and  Vanqiielia  found  likewise  thtil 
aalou  juice  contained  manna,  thoogh  fUMieceoUk^ 
tected  in  it  before  tlie  fenneiUation.  Manna  appetn 
sometimes  to  be  formed  and  deposi  Ced  hj  tasetts  ^ 

22.  The  plants  containing  stigsir  are  very  nanarMl 
Margraf  first  pobtcd  oof  a  method  of  separatiagitlbA 
tbiOt*  The  plant  suspected  to  contain  it  ts  rcdacello 
pii>«»der  or  pulp^  and  boiled  with  stroog  aleeJbol,  1^ 
li«]tiid  is  filtered  while  hot,  and  set  aside  in  a  eloie  ni- 
sei* In  a  few  days  the  sugar  separates  from  the  l^ 
cohol  and  crjstEilli7.c$f . 

The  fallowing  are  the  chief  plaots  fnm  wbicb  if  ha 
actually  extracted  by  chemiata  t  • 


The  Unwer  of  the  rhododendron  ponticura 
The  sap  of  the  acer  saccharinaai, 
«•*••*•■«•«••«••«•  bctuia  aiijaf 

•..•...»••*  asdepias  syriaatft 

•«•*•*••.•••••*••#  heracUum  sphondiliutn, 

».M..*«« axroft  nocTfera, 

•••,••• •»«•«  jnglaas  alba. 


f  Mari^niV  O^utu  U  at6.  }  See  Grot** 


ft|l> 


.«... *••  fucus  saccharinufp 

*••  Qckis  cartca^ 

.•**... .<..••  ceratojiia  ailiquaf, 

Tke  juice  of  arundo  saccharifiera, 

...**,.,*•  nrundo  bambostf 

zca  maySy 

The  rooU  of  pastinaca  sativa 
••t«*«««*»4»**«  S4UR1  sisansm  *, 

.*.. ••  beta  vulgarisand  cida  *, 

«.  daucus  carota  % 

•#•« ••••••  apium  petrosclinum. 

The  bulb  of  tbe  allinm  ctrpe. 

It  U  proper  to  observe,  however,  that  fr©m  the  dau^ 
ms  caroU,  Margraf  could  obtftin  onlj  an  uncrystalUita- 
hU  syrup.     The  sugar  from  the  aap  of  Uic  agave  Aikie* 

Kicana  bore  a  gr«ater  resemblance  to  manna  ih;in  to  stt- 
>ar  II .     It  is  very  seldom  tlut  sugar  exudes  spontanc- 
.     ously  from  vegetables  ;  someliinea^  however,  it  ck^es. 
LrTears  of  a  sweet  sobstance  were  ob&erred  upoQ  the  ccra- 
■■  tonia  siiiqua,  or  locust  tree,  some  time  ago  in  Naples*   ^^^y*"*' 
Tiicse  tears  were  examined  by  Klaproth,  and  found  to 
be   sugar  mixed  with  a  little  tannin  and  oxalate  of  pot* 
ash  %.     The  insptssitatcd  juice  of  the  bamboo  (amndo 
hamhQs)  is  known  in  India  by  the  name  of  sacar  namhu  ; 
a  term  which  is  supposed  to  be  the  origin  of  our  word 
tugar^  and  con^titulfts  a  species  of  sugar  celebrated  as  a 
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medicine.     How  Ur  it  agrees  wi4  ceinmcia  su|^ 
not  been  a^certaitied. 

Small  orjitals  of  sugar  are  found  occiaicMiaOf 
flower  of  the  rhododendron  ponticiiai.  I  ltav«  n 
some  of  these  crystals  from  my  friend  Dr  ( 
Mackenzie,  but  too  small  itt  cjuantitj  to 
rigid  examinaiioD,  They  have  no  regular 
in  other  respects  seem  to  agree  with  common 
ihcir  properties.  The  same  sugar  has  been  aol 
Fourcroy,  Vauqaelin,  and  Bosc  *« 

The  list  of  the  saccharine  planta  would  be 
extended  were  we  lo  add  all  siveeUtaiUd 
as  grapes,  6cc*    nhlch  obvionsljr   oootahl 
some  of  the  mushroom  tribe^  from  which  Hi 
firms  he  extrtcted  it. 

2S.  Sagar  has  now  become  an  esfeniial  pud 
food  of  Europeans,  It  cooiatns  perhaps  a 
portion  of  nourishment  than  anj  other  ▼egeta 
stance  in  the  same  bulk.  It  has  the  advanta|e 
other  articles  of  food^  in  not  being  liable  lo  \m 
by  time  nor  by  the  weather-  If  we  belieirc  U 
the  plentiftii  use  of  it  is  one  of  the  beat 
of  the  dtsesscs  occasioned  by  worms.  It  hash 
supposed  to  have  a  tcndencjr  to  injure  the  teeth ( 
prejudice  is  now  given  up*  It  has  the  property 
serving  other  vegetable  substances  from  poiri 
and  accordingly  h  often  employed  for  thai 
constituting  the  base  of  consmrea,  &c. 


*  Am.  if  Citm,  UtiL  toa« 


or    ^ARGOCaLL. 


"JL  BIS  sabsUnce  hats  hitherto  been  confounded  with  tbe 

gum  resins,  though  its  properties  arc  very  different,     b^ 

Exudes   spontaneooalj  from  the  penaa  sarcoccila  ;    a 

rf^lirub  which  is  said  by  botanical  writers  to  be  iadige- 

in  the  north-eastern  parts  of  Africa.     Nothing 

ctse   is   known   concerning  tbe    waj  in  which  it 

udes. 

Sarcocoli  is  usually  sold  in  the  state  of  oblong  glo-  State. 
i|k1«s  from  the  size  of  a  pea  to  that  of  a  particle  of  sand. 
!ts  colour  is  usually  yellow  ;  and  it  has  tbe  semitrans- 
ency  and  much  of  the  appearance  of  gum  arabxc. 
tit  some  of  the  grains  are  reddish  brown.  Its  smell 
peculiar^  and  not  unlike  that  of  anise  seed*  When 
ully  eraminedf  four  different  substances  may  b^ 
etected  :  The  first,  and  by  far  the  most  abundant^  is 
sarcocoli :  The  second  consists  of  smaU  woody 
Jibres,  and  a  soft  yellowish  white  substance,  not  unlike 
^^e  covering  of  the  seeds  of  some  of  the  cruciform 
■uaots  :  The  third  is  a  reddish  brown  substance  appa- 
Kentlj  earthy  :  And  tbe  fourth  is  only  detected  when 
die  sarcocoli  is  dissolved  in  water  or  alcohol.  It  then 
^^pears  in  soft  transparent  tremulous  masses  like  jellj, 

■  Tbe  pure  sarcocoli  amounts  to  0*8  of  the  whole* 
BftTben  the  sarcocoli  is  dissolved  in  alcqhol  or  wat^. 
Bod  obtained  again  by  evaporation,  it  loses  its  smell. 

■  VaL  IF.  U  u 
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ei4  IKOilEDlEKTft  or   f LAIfTS* 

II  thea  assomca  the  form  of   lemi 

brown  c&kes  verj  like  gum*      Its  tped&c  gr&rii 

PrvpertUi^  This  iubstance  has  a  >weet  taMt»  but  Icarei  jm. 
presiion  of  bittcrncM.  In  ihc  oiouth  it  cibKilvq 
gum.  I 

It  if  almosfrt  equally  soluble  m  water  and  alcoliql 
sotution  is  jrellow.  The  waierjr  soiution  hat  ti 
peii-uuro  ol  niiicilige»  and  majr  be  used  lot  iki 
piirpoift. 

Cannot  be  madt  to  crystaUizrC.  When 
em^  but  doci  not  mclu  li  emits  m  alight  aiadl 
romcl.  Whe«i  Urongly  heatcdp  it  blackeaa,  and  m 
the  cooti&teiice  of  tati  emittrng  a  wliire  hcavj  \ 
having  an  acrid  odoui*  In  a  i^tJrorig  fire  it 
leavet  attj  reudaum. 

These  ^ropcTtici  show  us  tbai  aarooeoU  ii  a  tul 
imemedbte  betweeu  iugar  and  gum,  panakifig  iq 
Bicaagfc  of  the  properties  of  each^  but  eeitaia 
{Mroacliiiig  nearer  to  sugar  than  to  guin«  How  j 
cevabiDatioa  of  sugar  and  the  bitter  priactple  ivoi 
aemfalc  saroocoll  I  have  not  tried. 

SareocoU  dissolves  in  nitric  acid,  aod  forma 
tioQ  which  does  not  precifsttate  geladoe^  and  of  ^ 
contains  no  tannin  ;  but  when  rmxed  with  tiMirij 
tin  or  acct jite  of  lead  a  precipiute  falls  f 
l.tqaoricc  Li^ftorkt  seems  to  approach  in  its  nmture  to  sai^ 

Thif  substance  is  obtained  from  the  root  of  t be  a 
rhi%4i ghbta  ;  a  plant  cuHtvated  in  tbe  ioatti  of  £1 


•  Briiioci.  f  HaiehcttV  AdJttiooAl  Experizncoif  1 


Ami  trm  in  ftrttufi*     The  roots  ire  long,  lender,  and 
fibrous,  of  a  yellow  colour,  and  when  fresh  very  juicy. 
The  juice  of  ibese  roott  is  ezf»re€«ed  and  inspissated  by 
boiling.     The  substtoce  thus  obtained  is  liquonct  or 
f/sri  sugar 4     It  comes  to  this  country  from  Spain  in 
cylindrical  rolls  covered  with  bay  leaves.     It  is  afler- 
wards  purified  by  a  subset^uent  process,  and  sold  ia 
amall  cylinders  about  the  site  of  a  goose  quill,  under 
tlie  name  of  rtfined  iiqttarke.     It  is  of  a  fine  black  co- 
lour and  glossy.     It  is  brittle,  and  its  fracture  is  glassj. 
Besides  the  sweet  matter  of  liquorice^  there  is  present 
in  it  about  a  third  part  of  mucilaginous  matter  %  and 
even  some  charcoal.     When  dissolved  in  nitric  acid,  a 
liqoantity  of  tannin  is  formed,  owing  probably  to  this 
Ibharcoal ;  for  neither  the  saccfiirine  nor  gummy  sub- 
^stanoes  yield  this  substance  to  nitric  acid  f.     Wheft 
llreated  with  sulphuric  acid,  it  leaves  a  quantity  of  chara 
al^  amounting  to  ^th  of  its  weight.     During  the  treat'> 
ent  of  this  substance  with  stiiphurtc  acid,  no  tannin 
as  evolved  in  Mr  Matchett's  experiments  t^ 


SECT.  IV. 


or  JLSPARAGtK. 


OiVE  this  temporary  name  to  a  substance  lately  dit« 
[hovered  in  the  juioc  of  asparagus  by  VauqucKn  and  Ro- 
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Prcpa  ^ 


Propeniei. 


tKORlDISVTft  OF  FLAKTt. 


RoWquet*.    It  was  prrocured  bjr  the  foUowini- 
cess.  < 

The  juice  of  aspangBs  is  cxprc«cd  in  the  limlj 
fillered/  evaporated  to  the  consistence  of  a  ijt^ 
then  set  aside.  Various  cryitals  gradually  mike 
appearance,  and  among  others  eryttals  of  asparagi 
wi\y  separated  from  the  rest  on  ftccouot  of  their  i 
and  6gure.  This  substance  possesses  the  fbll 
properties  : 

1.  The  crystals  are  white  and  transparent,  anij 
the  figure  of  rhomboidal  prisms.      The  greater  la 
the  rhomboidal  base^  as  ascertained  by  Mauj,  ci 
The  edges  of  this  base,  and  the  two   nngieistli 
tremity  of  its  greater  diagonal^  are  truficated. 

Q^  It  is  hard  and  brittle.  Its  taste  is  coo)  and  i 
ly  nauseous^  so  as  to  occasion  a  secretion  of  salif 

9.  It  dissoli^es  readily  in  hot  ^^ralcr  ;  bitl  tn  cdl 
ter,  only  sparingly.     Alcohol  does  not  citaiolvei 

4^  The  aqueous  solution  does  not  ajfeet  Tefi 
bloes.  Neither  infusion  of  nutgalls^  acetate  of 
03calate  of  ammonia^  muriate  of  barytes^  nor  th 
droBulphuret  of  potash,  occasion  any  change  in  ifi 

5.  When  triturated  with  potash  no  ammonia  i 
engaged.  The  potash  appears  to  render  it  more  J 
in  water. 

0*  When  heated  it  swells,  and  emirs  penctratr 
pours,  affecting  the  eyes  and  nose  like  the  soiC 
wood.  It  leaves  a  large  portion  of  insipid  ch| 
which,  when  incinerated^  leaves  scarcely  a  tracsi 
siduc. 


a  jIn.  dtr  Ora.  H,  i67<— NkholtoaV  Jmr,  at,  a^s. 


Nitric  acid  dissolves  it  with  the  evolution  of  ni- 
brous  gas.     The  solution  has  a  yellow  colour  and  a  bit* 
sr  taste,  like  that  of  animal  substances  in  the  same 
cid.     Lime  disengages  from  it  a  considerable  quantity 
If  ammonia. 

Such  are  the  properties  of  this  substance  ascertained 
ijr  Vauquelin  and  Robiquet.  They  distinguish  it  suf- 
icientlj  from  all  other  vegetable  substances  known. 


Chsp.  I. 


SECT.  V- 

OF   GUM. 


HERE  is  a  thick  transparent  tasteless  fluid  which 
metimes  exudes  from  certain  species  of  trees*  It  is 
Very  adhesive^  and  gradually  hardens  without  losing  its 
transparency  ;  but  easily  softens  again  when  moistened 
itb  water.  This  exudation  is  known  by  the  name  of 
The  gum  most  commonly  used  is  that  which 
ides  from  different  species  of  the  mimosa,  particularly 
the  nihtica  *.  It  is  known  by  the  name  oi  gum  arahic. 
Gum  likewise  exudes  abundantly  from  \\x^ prunus  avu 
^Wtm,  or  common  wild  cherry  tree  of  this  country. 

Gum  is  usually  obtained  in  small   pieces  Hke  tears,   Pr^pertlet* 
oderatcly  hard|  and  somewhat  brittle  while  cold^  so 
lat  it  can  be  reduced  by  pounding  lo  a  fine  powder, 
hen  pure  it  is  colourless,  but  it  has  commonly  a  yel- 
wish  tinge^  and  it  is  not  destitute  of  lustre.    It  has  no 
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ru^Vf'     smcU.     lU  tiftle  is  Hisipid*     lu  ipeci&c  gnmtf 

'^  '        from  rsiei  lo  i'4Sn. 

I.  Gum  undf rgoe» no  chaage  Croat  being  czpq^ 
the  atmosf>hrre  ;   but  the  light  of  Ihc  son  nikcstS 
su  ne  a  white  colour.     Water  dissolves  it  in  UfftfH 
ttti^t     The  9olaitoti»  which  in   known   bjp  cbt 

MttcUigc     mMciiaft  %  it  iliick  and  tdhcsiv^  ;    it  ts  ofieti  i 

psistCy  ftiid  lo  give  stiffness  mad  Imire  to  Unco.  Wi 
spread  out  thin  i(  soon  drie#^  mad  bfts  the  ippearaact 
m  varnish;  but  it  readily  atiracis  moimturr,  md 
glunnout.  Water  washes  it  away  cmtfclj.  W 
mucilage  is  evaporated  the  guia  is  obtaioe^d  i 
This  mucilaginous  solution  tnmy  be  kept  fof  |t 
without  undergoing  putrefaction.  Scarce  I  j  «f 
table  substance  is  le^s  liable  to  decompo^tKHt.  kx\^ 
bowcv«r|  ihc  odour  of  acetic  acid  bccomct 
in  it* 

When  gtim  is  e^cposed  «o   heat  il  softe^na 
but  docs  not  mcU «  it  ccnitt  air  bubbles^  blackcati 


^  Hetaifafcadi  tifrt  thii  vordina  diffoan  ■wiiii      Hit  aiatoa 

tba  bctwceo  gtm  aad  mutU^*  Tbc  «oJocton  oC  /»•<  m  witer  a 
pireuc  ind  gtutilioui^  and  cait  be  dn^rit  uut  into  tltreadt;  wiiaei 
of  mmtilait  i«  opai^tic,  doei  not  feel  ^lutiiiout,  tmt  «lipper7,  cod  ci 
I  dnvrn  into  threidt.  Gum  may  be  ■cp«fvc«d  from  (ixodbfe  hj 
towifig  proccM  T 

Ltt  the  gonv  which  t»  fii|tpuied  ta  be  mtted  with  iiiyal^^,  fr« 
I7  reduced  to  a  dry  niai*,  be  diaioWcd  in  a*  «nall  a    *..—.—  -f  -^ 
poisible,  and  into  the  tolation  dmp  at  intmrala   4 
The  mudlige  cosgvbtef,  whihr  fftc  gUftt  jfuntaiiip  d«Maivej.    w 
moea  coa^wbtioii  taket  ptscc,  let  the  mi&tiiee 
lime,  ^^d  the   muciUge  will  prccipiate  to   the   boct«ni^ 
coiiititcnce  of  jelly*    Decant  off  the  li%md  fMU.  ai 
ctiage  to  dryneia  hy  a  gende  hc»t  till  it  a  cquiret  ilie  cofMUcncv  «f 


bloc  flame.  This  flame  appears  sooner  if  »  flaming  sub. 
ftttiTcr  be  held  just  above  ihe  gtkm.  After  the  gum  is 
consumed,  there  remains  a  small  quantity  of  ivhitc 
ftshesy  composed  chit  A/  of  the  carbonates  of  linjc  and 
potash. 

2*  It  does  not  appear  that  gum  la  acted  ttpun  b^^ 
oxygen  g:is.  A  solution  of  gum  in  water,  when  ex- 
posed  to  the  air,  soon  becomes  mouldy  on  the  surface, 
but  undergoes  no  farther  change  for  a  ]ong  time.  The 
action  of  the  simple  combnstibles  on  gum  has  scarcely 
been  examined.  Azotic  gas  seems  to  have  no  action 
whatever. 

Gam  does  not  act  upon  metals  i  but  it  has  the  pro-  Atii^m  of 
perty  of  combining  with  several  of  the  metallic  oxidcf,  ^^^^ 
and  forming  compounds  *,  at  Ica^it  some  of  the  metaUic 
salts  occasion  precipitates  when  dropt  into  solutions  of 
^  giLm«  The  most  curious  effect  is  that  productd  by  tlic 
€»xy muriate  of  iron.  When  this  salt,  concentrated,  is 
dropt  into  a  very  strong  mucilage,  the  whole  becomes 
a  brown  semi  transparent  jfUy,  which  is  not  readily  dis- 
solved by  watfer.  When  dried,  the  jelly  becomes  light- 
er celoured,  and  assumes  nearly  the  appearance  of  gam. 
Its  taste  is  that  of  gum  mixed  with  iron. 

The  following  Table  exhibits  the  effects  of  diflfercnc 
metallic  salts  on  the  solution  of  gum  in  water,  as  far  as 
my  experiments  go*  The  mucilage  I  used  was  compo- 
sed of  eight  parts  of  water  to  one  part  of  gum.  It  was 
transparent  and  quite  Quid^  though  a  Uttle  thready. 
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3ALIKK  SOLUTIOKS. 

mwrtxru        I 

1.  Muriate  of  gold 

No  change                    | 

2.  Nitrate  of  silver 

No  precipitate  doc  dm^L 

3.  Corrosive  sublimate 

4.  Sapersdph.  of  mercury 

5.  Nitrate  of  mercur/ 

5.  Prussiate  of  mercurjr 

No  change 

No  change 

A  wh  i  te  coagul  itm :  i:  £k. 
appears  by  agiladoa,k 
tetumt  when  the  iitein 
is  much  diluted           ' 

Becomes  slightlyo|alfhi 
no  precipilite 

7.  Nitrate  of  copper 
S.  Sulphate  of  copper 

9.  Muriate  of  copper 

1 0.  Ciiprate  of  ammonia 

No  change 
No  change 

No  change ;  jet  ibcflBiil 
is  precipitiaed  bjviftcf 
No  change 

11*  Sulphate  of  iron 

12.  Oxjmoriate  of  iron      , 

13.  Oxyoitrate  of  iron 

No  change 

mucilage  be  tnore  can 
ceotrated 
No  change 

14-  Muriate  of  tin 
15.  Ojcymuriaie  of  tin 
16*  Smoking  liquor  of  Li* 
bavius 

No  change 
No  change  • 
No  change 

17.  Nitrate  of  lead 
IS.  Acetate  of  lead 
ig.  Superacetate  of  lead 

No  change 

A  copious  coagulum      ] 

No  change                       i 

^^H 

I 

•  Whf  ft  the  ozymumte  ii  tpproiclimg  the  scktiMu  mm,  t  H 
predpime  appcari  i  but  the  ssnic  prccipUatc  it  occaoooed  hffmw^ 

SAL1K£  SOLUTIONS. 

EFFECTS, 

20.  Sulphate  of  lAfic 

21.  Nitrate  of  rtnc 

No  change 
No  change 

22.  Muriate  of  arsenic 

23,  Oxide  of  arsenic 

No  change 
No  change 

24.  Tartrate  of  potash  and 
antimony 

Becomes  yellow,  but  no 
precipitate 

23 >  Nitrate  ot  bismuth 

No    precipitate  ;    yet  the 
salt   is    precipitated    by 
pure  water 

Chai^l 


These  pheootDena  indicate  an  afRnity  between  gum 
and  the  peroxides  of  mercury  and  iron.  Copper,  anti- 
roony,  and  bismuth^  seem  aho  to  be  acted  on  by  it;  for 
it  prevents  water  from  precipitating  them  in  the  state 
of  subsalts. 

My  experiments  on   the   action  of  the  alkalies  and   Action  of 
earths  on  muciJage  of  the  strength  mdicated  above^  are  etrthi. 
contained  in  the  following  Table  : 


SOLUTIONS. 

EFFECTS. 

Potash 

No  precipitate 

Ammonia 

No  precipitate 

Lime  water 

No  precipitate 

Barytes  water 

No  precipitate 

Strontian  water 

No  precipitate 

Alum 

No  precipitate 

Sulphate  of  magnesia  i 

No  precipitate 

Silicated  potash 

A  white  flaky  precipiute,  tho' 

very  much  diluted.     The  li- 

quid remains  transparent. 

Aluminated  potash 

No  precipitate 
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nr.        From  tbtt  Tmble  it  ippean  that  tilicm  ftlooc  ka 
witli  gam  an  itnotuble  precipitate.      It  it  bj  fiv 
most  deltcufe  test  of  gum  which  I  ba^rc  jet  met  wfib^ 
Liquid  potash  first  COT  m^ibmiKti 

nnhke  eurd|  and  then  di>i       ..  ^  kiJuimmi  iiil 

light  'imber  colour,  and  traosparenf .     When  l^g  ke 
the  gum  again  falls  in  the  state  of  eurd*   Alcohol 
down  the  giiro  in  white  flakes  atill  aotoble  to 
hut  U  retdins  the  poiaih  obstinately,  and  ti  iPacli 
I  friable  than  before.     Lime  water  and  ammoiifi  Uei 
wise  dissolve  gum,  and  it  maj  be  afters ardi  sepsnH 
little  alrered. 
Oidm-  Charcoal  powder,  when   mixed^   with   a  to7otiQa 

*^  gam  in  water,  giret  it  a  black  colour^  which  caoaai 

removed  by  Bhtattofi,  unless  a  very  great  propoitifliK 
the  powder  be  added.  In  that  case  the  watet  p 
dear  i  but  the  whole  of  the  gum  ia .  retaioed  hj 
charcoal*  Mr  Lowitx  found,  that  not  lest  than  SO 
of  charcoal  powder  must  be  mixed  with  water 
iog  an  ounce  of  gum  dissolved  io  it  before  the  wmi 
entirely  deprived  of  the^gum  •. 
OtuiAi,  The  vegetable  acids  dissolve  g^oi  withottt  altrrainii 

the  strong  acids  decompose  it. 

When  thrown  iato  sulphuric  acid  it  blackeai; 
toon  if  resolved  into  other  subttatices*  The  chard 
formed,  according  to  Hatchett's  experimeofi,  aoMyol 
to  0*29,  and  some  traces  of  artifidal  tanntn  maj 
be  detected  f .  Water  acid  acetic  acid  are  aaid  likewi 
to  be  formed  }. 
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When  gum  is  dissolved  in  strong  muriatic  acid^  a 
brown  solution  is  obtained,  wbich  becomes  perfectly 
transparent  when  diluted  with  water,  while  at  ihe  same 
time  some  charry  matter  falls*  If  the  solution  be  now 
saturated  with  ammonia,  evaporated  to  dryness,  and  the 
residue  digested  in  alcobol^  the  alcohol  assumes  a  deep 
brown  colour,  and  dissolves  the  whole  except  a  very 
little  sal  ammoniac.  The  gum  now  bears  some  re- 
semblance to  sugar  in  its  properties  ^  at  lea&t  when 
heated  it  melts,  and  gives  out  a  very  strong  smell  of 
caromel, 

Oxy muriatic  acid  converts  gum  into  citric  acid,  ac- 
cording to  the  experiments  of  Vauquelin.  He  passed 
a  current  of  oxy muriatic  acid  gas  through  a  diluted  so- 
lution of  gum  in  water.  In  a  few  days  almost  the  whole 
of  the  gum  was  acidified  ;  and  he  detected  citric  acid  by 
the  formation  o^  supercitrate  of  lime,  soluble  in  water^ 
and  decomposable  by  oxalic  acid*.  Ifniiricacid  be 
slighUy  heated  upon  gum  till  it  has  dissolved  it,  and 
till  a  little  nitrons  gas  is  exhaled,  the  solution  on  cool, 
ing  deposites  saclactic  acid.  Malic  acid  is  formed  at  the 
same  time  ;  and  if  the  heat  be  conduued,  the  gum  is  at 
last  changed  into  oxalic  acid.  Thus  no  less  than  three 
acids  are  developed  by  the  action  o£  nitric  acid  on 
gum  f.  We  are  indebted  to  Mr  Cruickshanks  for  the 
most  precise  experiments  on  the  quantity  of  oxalic  acid 
obtainable  from  gam  by  nitric  acid.  By  digesting  4SQ 
grains  of  it  with  six  ounces  of  nitric  acid|  he  obtained 
^10  grains  of  oxalic  acid  and  six  grains  of  oxalate  of 


•  j^n».  ^t  Chtm.  vL  17S — Thefe  propcrtie*  aWnc  weft  oot  tufficieitt 
fO  ]fr<>ve  ihc  preicocc  of  tiuic  3ci4*  iin«  ttwlic  acid  pcnacjiecd  ihcm  hcfh- 
tfourcritjimill. 
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lime  ^.     No  trtificUl  innmn  is  rortticd  ditring  tbit  pi 
CCS8  f*     According  to  ihc  expertmencs  of  Fotsrcrof 
Vftitquelin^  the  quantit/  of  suclmciic  add  jrieUfid  I 
giimy  when  treated  with  oiiric  acidp  vmrtes  firom  o 
to  0*26  |. 

Gum  is  insoluble  in  alcohol.  When  alcohol  ii  pi 
ed  into  mucilage^  the  gum  immedtatelj  prDCtpil 
because  the  aflinity  between  water  and  alcohol  is 
Ihmn  that  between  water  and  gum.      Thegumiod 
case  is  in  the  state  of  soft  opaque  wbsle  flakes.    Ni 
ther  is  gum  soluble  in  ether.     It  ia  not  soluble  in  oil! 
but  when  triturated  with  a  little  oil  it  readers  tli€ 
mlscible  with  water. 

The  action  of  the  hydrosolphurets*  sulphumt,  pJioi 
phurets^  and  of  most  of  the  salts  on  guoi^  has  iiotbeci 
examined  with  any  attention. 

GuDi  and  sugar  readily  tinite  together  by  disiolTt: 
both  in  water.  By  gentle  evaporation  a  perfectly  trail 
parent  solid  substance  is  obtained,  which  does  not  oyi 
taUite.  When  treated  with  alcohol  il  becomes  wbiti 
opaque^  and  soft.  The  greater  part  of  the  sugar  is  dil 
solved,  and  the  gum  remains  united  to  a  small  porttdl 
It  has  a  sweetish  taste,  and  very  much  resembles  ta  q 
pearaace  the  subsunce  of  which  the  ncau  of  waips 
formed. 

9*  When  gum  is  distilled  in  a  retort,  the  products 
water  impregnated  with  a  considerable  quantity  of  p| 
romucous  acid  or  acetic  acid  combined  with  oil,  a  litt 
ampyreumatic  oU,  carbonic  acid  gas,  and  carbirrctal  hi 
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Irogen  gw.  When  the  pyromacous  acid  obtained  by 
this  process  is  saturated  with  lime^  a  quantity  of  am- 
monia is  disengagedi  with  which  that  acid  had  heea 
combined.  The  charcoal  which  remained  in  the  retort 
leaves  behind  it,  after  incineration^  a  little  lime  and 
phosphate  of  lime.  Mr  Cruickshanks,  to  whom  we 
are  indebted  for  these  facts,  gradually  heated  460  grains 
of  gum  arabic  to  redness  in  a  coated  glass  retort.  The 
products  were, 

Fyromucous  acid  mixed  with  some  oil 210  gr. 

Charcoal  ••« «••*•«•••*«••«•«••»•• •     96 

Lime  and  a  little  phosphate  of  lime ••..     lo 

Carbureted  hydrogen  and  carbonic  acid  gas    164 

Total 4&L> 

The  pyromucous  acid  liquid  contained  less  acid  than 
what  was  obtained  from  an  equal  weight  of  sugar  in  the 
proportion  of  118  to  150.  The  gases  consisted  of  PS 
ounce  measures  of  carbonic  acid  and  180  of  carbureted 
hydrogen,  composed  of  five  parts  charcoal  to  one  of  hy- 
drogen. When  the  pyromucous  acid  was  saturated  with 
lime,  ammonia  was  disengaged  *. 

From  the  experiments  of  Vauquelin,  it  appears  that 
gum  also  contains  traces  of  iron,  A  hundred  parts  of 
gum  arabic  left  af\er  incineration  three  parts  of  white 
ashes.  These  were  composed  chiefly  of  carbonate  of 
lime  ;  but  contained  also  some  phosphate  of  lime  and 
iron,  without  any  traces  of  an  alkali  or  of  sulphur.  He 
conjectures,  that  in  the  gum  the  lime  is  usually  com- 
bined with  acetic  acid,  and  perhaps  sometimes  with 
malic  acid  f. 


^  RoUo  cm  DiahUif  p>  459* 
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nrou0t£HTt  or  plants. 

From  these  experimentf^  it  foUowm  Umt  gum 
oxjg€fit  hjdrdgcrif  carbon,  and  azote  ^  betides  bat 
irofi.  The  liiM  unj  be  detected  bjr  droppiiig  ralpbi 
add  into  m  solatioa  of  gum  ;  needteforai  crji«da  oil 
phaic  of  lime  are  slowlj  deposited  *.  If  n 
tbe  products  obtained  hy  Hit  dbtitlaiioci  of  soger  i 
those  obtained  from  gum,  we  ciJi  scarcely  doabt 
die  latter  contains  the  greater  proportion  of  carbos. 
it  yields  less  pyromucoos  acidi  it  is  not  impfobable^ 
it  contains  also  less  oxygen*  Sugar  is  a  trtpk  « 
pound  ;  but  gnm  contains  four  constitiieata* 

4.  The  species  of  gum  at  present  known  are 
derable  in  number  ;  and  it  is  likelj^  that  a  loan 
examination  of  the  vegetable  kingdom  will  diso^ 
greater  number.  The  moit  remarkable  mt^,  garni 
biCp  gum  itmtgal%  gum  trttgucanibf  gMm  kutfrro^  tH 
tfwgmm*  \ 

Gum  arable  exudes  from  the  mimoia  mhiua^ 
other  species  of  mimo&a.  It  is  the  apectea  deacrjbi 
the  preceding  part  of  this  Section* 

5.  Gum  Senegal,  brought  from  the  iftlaod  of 
name  on  the  cosist  of  Africa,  commonly^  auppliei 
place  of  gum  arable  in  the  sihops,  and  if  ibe  sort  chi 
employed  by  the  calico-printers*  It  is  gcsenll 
larger  masses  than  the  arabic,  and  it%  colour  tsdarlu 
but  in  other  respects  its  propenies  sre  the  aame« 

6*  Gucn  uagacanth  is  the  ptoduce  of  the  mtr^ 
iragacanlba^  a  thorny  shrub  which  grows  in  Candta. 
other  islsnda  of  the  Lciraot.     The  gitsn  is  said  lo 


^  Cnikkihatiki,  RoUo  cm  DisUirSf  p-  4is 


leftfioiil  the  end  of  .Tunc  from  ihc  stem  and  larger 
branches,  and  soon  dries  in  the  lun*  It  is  in  the  state 
of  whitish  vermifDfm  pfieces^  not  netrlj  so  transparent 
RS  gum  arabtc.  From  the  two  preceding  species  it  dif- 
fers extremely  in  many  of  its  properties.  When  put 
into  water  it  slowly  imbibes  a  large  quantity  of  the  li« 
quid,  swells  into  a  large  volume^  and  formsa  soft,  but 
not  fluid,  mucilage •  If  the  quantity  of  water  be  more 
than  the  gum  can  imbibe,  the  mucilage  forms  an  irre- 
gular mass,  which  does  not  unite  with  the  rest  of  the 
liquid.  By  agitation,  indeed,  an  apparent  solution  is 
effected,  and  the  whole  assumes  a  whcyish  appearance  ; 
but  on  standing,  the  mucilage  again  subsides,  as  at  first, 
and  the  water  becomes  transparent  *.  When  a  sohi- 
tion  of  gtim  arabic  is  poured  into  this  solution,  the  mu- 
cilaginous gum  tragacanth  separates  much  sooner  than 
usual,  and  forms  no  union  with  the  gam  armbtef. 
When  treated  with  nitric  acid«  it  yields  abundance  ct 
saclactic  acid,  malic  acid,  and  oxalic  acid  y  but  not  the 
slightest  trace  of  artificial  tannin  t»  Sulphuric  acid  de- 
velopes  some  traces  of  artificial  tannin*  The  quantity 
of  charcoal  which  it  yielded,  when  digested  in  sulphu- 
ric acid,  was  0*22,  or  considerably  less  than  gum  arm- 
bic  yielded  in  the  same  circumstances}.  When  Mr 
Cruickshanks  distilled  430  grains  of  it  in  a  glass  retort, 
he  obtained  the  following  products  ; 
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Book  IV,      Pyronmcoui  acid  ♦•••. ..*.#•««•*»»..•••  245  gi^ 

Lune  widi  some  photphftte  ..••••••••*•*>••»•»•  12 

Carbonic  acid  and  carbureted  b jdrogen  gai    ISO 

4S0 

When  the  pjromucoas  acid  was  saturated  witii  h 
a  coniiderably  greater  proportion  of  ammoota  ww 
etigaged  than  from  the  pjromucous  acid  of  gum 
The  gases  were  18  ounce  measures  of  c:arbociic 
and  Q J  of  carbureted  hydrogen  *,     This  gum  jiA 
to  Vauquelia  0*03  of  ashes.     Tbejr  dtasolred  in 
riatic  acid  with  eFervescence,  while  the  odour  of 
pbureted  hydrogett  was  perceptible.      Thej  can 
chiefly  of  carbonate  of  limCf  with  a  little  iroQ8ad|l 
phate  of  lime^  and  contained  likewise  some  poCaibi* 

Thcie  experiments  show  us»  that   gum 
contains  more  axote  and  lime,  and  perhaps  more  1 
gen  and  less  carbon,  than  gum  arabic. 

From  the  preceding  account^  it  is  obrioas  th^ 
gacanth  differs  exceedingly  from  gum  arabic  in  its  n 
perttes;  sa  much  to  that  it  ought  in  strict  proprielylo 
considered  as  a  distinct  vegetable  aubstai>ce.  Ilie 
periments  of  Dr  Bostock  render  this  if  poasiUe 
more  evident.  By  digesting  tragaomth  in  wales  tii| 
became  gelatinous^  and  then  tritorttttog  it  with 
water  in  a  mortar,  he  formed  a  homageneotts  mi 
consisting  of  lOO  parts  of  water  and  one  pan  of  ^ 
gacanth.  Acetate  of  lead  formed  a  copfous  prectpitt 
with  this  mucilage.  The  superacetate  of  lead 
a  light  precipitate,  which  increased  by  ataading,  tliot^ 
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Oft  macilige  of  gum  arable  it  prodiured  no  effect.  The  C3wp.  t, 
oxjmuriate  of  tin  likewUe  throws  downafirmcoaguluni, 
thougli  it  does  not  alter  mucibge  of  gnm  aiabic*  Oxy* 
sulphate  of  iron  produced  no  eiFcct.  Nitrate  of  mer- 
cury threw  down  a  flight  precipitate  of  a  reddish  duge* 
Siltcated  potash  produced  no  effect  *• 

1.  Gum  kutcera  h  the  produce  of  a  tree  which 
grows  in  Indostaii ;  and  haviug^  a  considerable  resctn* 
blance  to  gum  tragacanth,  great  quantities  were  im* 
ported  into  this  country,  but  did  not  antwer  as  a  sub- 
itttate.  The  only  account  of  this  gum  u4th  which  I 
am  acquainted  was  gi\<en  by  Mr  Cowiei  ia  one  of 
the  volumes  of  the  Society  of  Artsf »  It  is  in  loo^ 
wrinkled  drops  or  piecest  without  smell  or  taste,  and 
mostly  transparent.  In  water  it  slowly  forms  a  pulp 
or  jelly  like  gum  iraga^anih  ;  but  if  poundLd  well  in  a 
mortal-,  and  then  beiled  in  water  for  fifteen  minutes 
witk  constant  agitationi  it  is  completrly  dissolved. 
A  tea  spoonful  of  its  powder  giTes  to  water  the  coii*> 
ststence  of  capiltaire*  In  India  it  enters  into  the  com- 
position of  some  varnishes;  it  is  used  in  calico^ prioU 
ingi  and  is  one  of  the  ingredients  of  a  famous  medicine 
for  horses  among  them  |, 

a.  The  prunus  avium,  the  common  cherry  and  plum   cherrf-irel! 
treesi  and  the  almond  and  apricot  likewise^  yield  a  gum 
which  exudes  in  great  abundance  from  natural  or  ar- 
tificial openings  in  the  stem  {.     It  is  of  a  reddish  brown 


guai. 


*  KichvliOfiV  fnr,  Iviii  JO.  j  See  Kicholitio'ii  /Mtr.  tii.  301. 

I  Cowic,KidioUoR*i  J»itn  vii.  jot* 

(  I  sraii-il  in  the  W  eJh^nti  of  this  work  chit  cherry- gum  poMeucd 
iKc  proj^crtic*  if  gum  uraUtc.  Dr  Bu^ochfhai  ubce  examined  tt,  »od 
fvunJ  iu  pro|;erttc«  JilTcrefit.    A»  4hc  iipedtii^'ii  ^bich  i  had  formcrlf 
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ooleur,.iA  large  masMi,  atfim  miich*  aoAer  tbia  gna 
^smbid^  bot  bj  keeping  it  beccuaes  mocb  baida  tka 
aoj  other  speoiea  of  gvoi, which  I  havo  aeenezceptna 
gac«nth«  When  pot  into  water  it  gradually  sweDs,  m 
isGoaverted  into  a  semttraotpareot  reddish  brown  jdlj 
A  portion  dissolves  in  the  water,  but  a  ooasidciiU 
portion  temaios  in  the  gelatinona  state,  and  does  sq 
dissolve  even  though  boiled  for  some  hours  b  a-vv 
Isrge  portioQ  of  water.  In  this  respect  cbeny-tne  gsi 
differs  'from  everj  other  species  which  I  ha;fe  tried 
The  portion  dissolved  in  water  possesses  the  ooisaa 
appearance  of  nacilsge  of  guoi  arabi^  ezoeptiiig;  th 
its  eolonr  is  darker,  and  that  it  is  much  weaker,  sad  o 
course  less  adhesive  and  threadj.  The  gum  is  aot  pl^ 
^pitated  by  alcohol,  nor  is  any  eflfect  produced  hj  sli- 
cated  potash;  Aoetsle  of  lead  produces^  no  inuncfin 
eflbct  but ;  on  standing  the  whole  becomes  opaqac^  aa 
a  precipitate  at  last  subsides;  Qzymnriate  of  tin  casie 
the  liquid,  to  gdatiaise-inunediately.  The  soperscetii 
of  lead,  and  the  nitrate  of  mercury,  produce  no  efiect 
No  precipitate  was  produced  by  any  of  the  other  me 
tallic  salts  tried.  Dr  Bostock  found,  that  when  trtate 
uith  nitric  acid  it  yielded  a  portion  of  saclactic  add 
These  properties,  especially  its  incomplete  solnbilitj  ii 
water,  and  its  not  being  precipitated  by  alcohol,  shoi 
a  marked  difference  between  cherry-tree  gum  and  gan 
arable. 


emnincd,  wit  obtained  it  tecond  hind»  ind  miglit  not  hive  beei  p 
nuine,  I  wit  induced  to  examine  gum  which  I  hid  tiken  mjidffroi 
the  tree,  and  of  the  genuineuett  of  which  I  wii  of  coane  certain.  Tl 
propcrtiet  found  are  mentioned  in  the  text.  In  general  they  agree  wit 
thote  obtained  hy  Dr  Bortock,  thougk  not  in  every  parttcnlar. 


9.  It  h&$  bectl  remarked  by  Mr  Barrow,  aod  pto-       C**!^  I. 
bably  also  by  others,  that  all  the  plants  which  yield  gum   Planti  eon* 
have  an  astringent  bark  **    Almost  all  the  trees  koown  '**^"*^ ' 
to  yield  gum  have  been  enumerated  in  the  preceding  part 
of  this  Section. 

10,  Gum  is  a  very  nutritive  food,  though  seldom   ^w* 
employed  for  that  purpose,  except  when  in  the  state  of 
mucilage.     It  is  used  frequently  as  a  paste,  and  to  give 
stiHness  or  lustre  to  linen.     The  calico-printers  use  it 

^  in  great  quantities  to  give  their  colours  such  a  degree 
of  consistency  as  prevents  I  hem  from  running  upon  the 
cloth.  It  forms  an  ingredient  in  ink  for  a  similar  rea- 
son*    In  medicine  it  forms  the  base  of  many  mijctures. 


SECT.    VT. 


OF  MUCUS. 


T^  HE  substances  to  which  I  give  the  name  of  mucUi 
have  been  hilherio  considered  as  varieties  of  gum.  But 
the  recent  experiments  on  Ihem  by  Dr  Bostock,  have 
shown  that  their  properties  differ  so  much  from  those 
of  gum,  as  to  entitle  them  to  a  separate  place  as  pecu- 
liar vegetable  principles.  They  are  extremely  nume- 
rous, existing  in  the  roots,  leaves,  and  seeds  of  a  great 


•  TnTcU  in  Sooth  A^ca. 


Xxa^ 


l.tfMred 

OIHCVI. 


Other  viri- 


fp^uneontt?^  bin  riiay  bf  obfuined  «ruftciJl*j  iniii 
df  mlerible  purity.  Only  n  hw  speeki  lwv«  k 
hUhtrf9  eiimined,  lo  thit  w«  af«  AiiOTrlra 
their  properCtes  agree,  and  only  incliide  rt>«lli  dwi 
erne  he^  fr6m  smslogy. 

LIrifteed  yields  on r  af  thu  ptrresl.  Dr  HoiMk 
tmfned  it  by  infitsinf^  the  fte«di  to  ten  ticnci  tlieb 
^  water*  A  fluid  fs  obfatued  of  ibe  coiitist«i»ct  nf 
While  of  «n  eggi  which  h%%  the  adlietive  qoatitin 
IIMI«tt»|[t  of  |*uin  araibic,  It>  Uste  »iid  appcaiMice 
ftifMe  those  of  chit  liquid.  Wbeti  mixvd  wiih  d 
hoi  tht  itiuciii  is  preci|)tta(ed  in  white  io#ki«  but 
liquid  does  not  become  opaque  and  milky  like  muaU 
of  gum  arable  when  minced  with  ulcohol.  Acetile 
lend  throws  down  R  C6|l'llliii  ileiiii  prteipitatc*  Sap 
acetate  of  Irad^  and  oxymuriate  of  tin  render  ibe  lif 
opaque,  and  also  throw  dowu  a  precipitate*  Tbe 
trarc  of  mercury  occasions  a  very  slight  predpti 
while  muriate  of  gold|  oxyvulphate  of  iron,  aodtilil 
ted  potashy  produce  no  sensible  effect  whatrvrr.  ] 
change  is  produced  by  the  infusion  of  nutgalU*, 

From  quince  secds«  and  the  root  of  the  hyactiull, 
fiottock  obtained  solutions  of  mucus  whicb  eshiM 
the  above  properties  with  some  shades  of  diiferti^^ 
This  quince  seed  mUcus  was  coagulated  by  addsy 
by  mo^t  metallic  salti,  and  the  mUcui  from  the  hrutli 
was  precipitated  by  infusion  of  tiutgalts.  These 
ferences  were  prnbubly  owing  to  foreign  bodies;  mth 
starch,  gluten,  &£c.   wiih  wlilch  the  iDiictia  tiftppto 


#  BoitDcl,  2<^clm)ioii*t  Mk  i^iii  ^ 


*tii In!  mixed  in  tbtse  caiei,  and  hinm  wUich  we  kmMr 
no  rttctliod  of  lepAfiiJiig  il^omplttrly. 

Mucus  is  ooDljiiDed  in  t|ie  roou  And  Icsa^ves  of  a  ^%%i 
.mumh^r  of  pUnti.  Aifousst  §11  the  bulteu«  rooiy  antl 
fle«fiy  ica%'et  yk Id  it.  For  txamfkle^  the  roots  of  tbc 
hyaaniinff  uoma-i^t  and  t)it  ^dtbtm  qfficmaiu  £  ilie 
leaves  of  the  aiih^a^  of  the  jisra/ftf  ^yiviUru^  qI  m^ny  oC 
ihcyVri,  and  of  the  greater  number  of  the  lichetis  |  the 
seeds  of  flax,  qiiinccs,  fcnugrtc,  &c. 

The  bulbs  of  the  hjtcjnih  coniain  so  miicli  muruv, 
that  when  dried  they  may  be  employed  as  a  substuute 
for  gum  arabic.  Tbisuas  first  made  known  to  the 
public  by  Mr  Tlioroas  WUIis  *,  He  aflerwards  found 
that  the  roots  of  the  vernal  scjuiU,  the  uhiie  lily,  ccm* 
frey,  and  salop,  might  be  employed  also  for  similar 
purposes  t*  A  mucus  may  be  cxtracred  from  roost  of 
the  stringy  liphcns,  which  likewise  answers  all  the  pur- 
poses  of  a  solution  of  gum.  This  was  first  ascertained 
bj  Georgi,  who  published  a  dissenation  on  the  sub- 
ject in  the  Memoirs  of  the  Petersburgh  Acadcpny  for 
mo  J.  His  exptrimcnls  were  repeated  atid  varied  hy 
Amorcu^r,  who  published  the  result  of  his  trials  \u 
1787  f.  Hoffman  also  found  abundance  of  gum  in 
many  lichen^  j|.     Lord  Dundonald  first  thought  of  ap- 


Ch^t 


I  TIk*  U(b«!n>  wbtdb  he  tr^^fi  l^u^  iht /^uutetm^  ^ta^Mt^  f(,^^^i^ 

(  1  h«  acadtmf  f>f  Lyem  had  propovril  3  pr're  Jiwcnarlun  011  die  ti- 
chent  tn  1786,     Tlrrce  memntii  wer«  approved  nf,  an^  pif9i]i*b«d  bf 

man,     The  licheni  examined  by  Amor«uz*  and  U  und  to  \  telJ  a  gimi. 
were   the  ^ulmm^rius^  frmm^$%f  J^UadiMj, /rmmi^cu,  ttuwt/,  ttfmtnt 
Sec  hif  Memoir,  p.  95. 
1,  Sec  liii  Mrmciar^>.  ajiAivi^^Mi^ 


IKGREDICKTS  Of  FLAKTS. 


Soo%1V. 


fittwob. 


PfopcrtiM. 


plying  this  discovery  to  practical  porposcs*  Oung 
the  Use  war,  when  the  price  of  gum  wms  high,  Edia 
at  his  Lordahip^i  SQggcitioo^  were  very  much 
ed  an  a  substitute  by  the  caiico-f>rinters  iq  thtt 

The   roucjlagiooos  quality  of   tlic  foci   is  appirad 
ttill  greater  than  that  of  the  lichens,  tboagb  ibe 
lagc  obtained  from  them  does  not  answer  ao  weU 


SECT-  VIU 


OF  JEI^LY. 

It  wc  press  out  the  juice  of  ripe  blacKorrrJci,  ci 
rantsy  and  many  other  fruits,  and  allow  it  to  remain 
some  time  in  a  state  of  rest,  it  partly  coagulates  imoi 
tremulous  soft  substfince^  well  known  by  the  named 
Jelly,  If  wc  pour  off  the  uncoagulated  part,  and  vnm 
^thc  coagulum  with  a  small  quanlitj  of  water,  we  M 
Uivkjilly  approaching  to  a  state  of  purity. 

In  this  state  it  is  nearly  colourlessp  unlets  im^ea  e; 
the  peculiar  colouring  matter  of  the  fniit;  it  haaa  pb 
sant  uste  and  a  trcmtilous  cousistency.  It  it  scarce^ 
soluble  in  cold  water,  but  very  soluble  in  hot  wati^ 
and  when  the  solution  cools,  it  again  coagulates  i 
the  form  of  a  jelly  *.  When  long  boiled,  it  loses  t| 
property  of  gelatin! aing  by  cooling,  and  bccomei 


•  Vftti^tieiaii,  A/m,4e€Um*  wu  %%U 


logous  to  macilage  •.  This  is  the  reason  th^t  in  mi* 
king  currant  jelly,  or  anj  other  jcHj,  when  the  quan- 
tity of  sugar  added  is  not  sufficient  to  absorb  all  the 
ivatcry  parts  of  the  fruit,  and  conseqaently  it  is  neces- 
sary to  concentrate  the  liquid  by  long  boiling,  the  mix* 
lure  often  loses  the  property  of  coagulating^  t^^^^  '^''- 
jelly  of  course  is  spoiled  f» 

Jelly  combines  readily  with  alkalies ;  nitric  acid 
converts  it  into  oxalic  acid,  without  separating  any  azo- 
tic gas  J,  When  dried  It  becomes  transparent  J-  When 
distilled  it  affords  a  great  deal  of  pyromucous  acid,  a 
small  quantity  of  oil^  and  scarcely  any  amrooniii  | 

Jelly  exists  in  all  acid  fruits,  as  oranges,  lemons, 
gooseberries,  &c.  If  the  juices  of  these  fruits  be  al- 
lowed to  gelatinixe^  and  then  poured  upon  a  scarce,  the 
acid  gradually  filters  through,  and  leaves  the  other  j 
which  may  be  washed  with  a  little  cold  water,  and  al- 
lowed to  dry*  Its  bulk  gradually  diminishes,  and  it 
concretes  into  a  hard  transparent  brittle  mass,  which 
possesses  most  of  the  properties  of  gum.  Perhaps,  iheo^ 
jelly  is  merely  gum  combined  with  vegetable  acid. 


SECT.  VIII. 


or    ULMIK* 


HAVE  given   this  temporary  name  to  a  very  singular 
^Substance  lately  e:£am!ned  by  Klaproth.     It  c?i^er^  e*;- 


•  Vsoquelio,  Amu,  it  Chlm.  v.  loo.  f  Id.  Ibid.  v.  i  ? 

\  Ibid  Ti.  sSo*  {  Ibid.  r.  lOO.  d  Ibid  vi.  l86. 
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Book  IV. 


flropcnkk 


Aftkmof 


Alcolid. 


Ch«ngtd  to 


iciiliaU/  tmm  tvtry  oiHrt  kaoini  bo^t  •■'  "^^  i^ 
fore  coostttatc  a  new  tixl  pcodtar  v^gcsaUc  prad|k 
It  tsoded  ipoDuneouiljf  from  ibe  tnxak.  9i  s  ifcmd 
clni,  wUich  Klaprotli  conjectures  to  he  tSr  ..''rrxr  r:i^ 
jiad  W3IS  scat  to  bim  from  Palermo  in  i  ' 

i*  In  \u  eitertitl  char^cicr^  ii  r^^eoibkd  pim.  ^ 
was  soltdi  bir^,  of  a  bbck  colour,  aikd  had  eooadealk 
lustre,  Uf  powder  wa»  brown.  Ii  disi&lTeii  tiafiy 
IQ  the  mouth,  and  was  msiptd* 

2,  It  dissolved  »pceditjf  in  a  smiill  qaa&litj  of  wtti. 
The  volution  wa»  irarifparent,  of  m  blichrrfi  bf»n<9* 
lour  i  Ksid  even  when  very  much  conprQirated  by  rti* 
portrion^  was  not  tlie  lea^t  muciiiigmoas  c»r  rog| «  an 
did  It  answer  a^  a  paste*  Iii  tbis  resped  mimm  difcfl 
esaoitially  fxotn  gum. 

3*  It  was  completely  insoluble  botli  in  aleobol  wA 
etber.  When  alcohol  was  poured  into  the  aqoccmsa* 
lutioo,  the  greatest  part  of  the  ulmtn  prcctpitaiei  k 
Itgbl  brown  flakes*  The  retnainder  wa^  obtaroed  \tj 
evaporation^  and  was  not  setisibljr  soluble  in  alcohfii. 
The  alcohol  by  this  treatment  acquired  a  sharpish  tmc 

4.  When  a  few  drops  of  nitric  acid  were  «dded  Id  iki 
aqueous  solution,  it  became  gchtfnous,  losi  its  blidtU 
brown  colour^  and  alight  browo  aubstaoce  prectpittMl. 
The  whole  solution  was  slowly  evaporated  to  dryiea^ 
and  liie  reddish  brown  powder  which  remained  wn 
treated  with  alcohol*  The  alcohol  assumed  a  gotda 
yelltiw  colour  ;  and  wheo  evaporated  left  a  light  bra^ 
bilierp  and  sharp  resinous  substance. 

5.  Ojcy muriatic  acid  produced  precisely  the  aaneff^ 
fects  as  nifric  Thus  it  appears  that  ulmto,  by  tbetd- 
dition  of  a  little  oxygen,  is  converted  into  a  resinoixs 
lubstance.     In  this  new  state  it  is  insoluble  in  wttcr^ 


^m 


ii^k 


nmtK. 
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ii»  property  is  very  singiiUr,  Hitherto  the  volatile 
oiU  were  tlie  only  ftubsUncei  Ilhowti  to«s&unie  th«  form 
Qi  rcsini.  That  a  iub»tance  soluble  in  water  «bould  a^ 
sumo  the  reiinou^  form  ivith  such  facility  ti  very  ns> 
SQarkable. 

6.  Ulmin  v/htn  burnt  emitted  little  imoke  or  fiftme, 
«i)d  left  a  spongy  but  firm  charcoal,  whieh  when  burnt 
in  the  open  air  kfi  only  a  little  parbonate  of  potash  be* 
;hintl. 

Such  are  the  properticft  of  this  curious  Bubstanoe,  as 
rfrc  a«  tbey  have  been  examined  by  Klapri>Ui  ^. 


Chapk  L 


SECT,   IX, 


OF  INUHN. 


H|iAV£  given  this  temporary  name  to  a  new  vegetable 
prmciple^  lately  diKovered  by  Rose  in  the  roots  of  the 
iMitJa  hcimium  (iUmmftifn)* 

When  the  roots  of  this  vegetable  are  boiled  in  water, 
ihe  decoctiou,  after  standing  some  liours,  deposites  the 
inuUn  in  the  form  of  a  white  powder  like  starcbt  bs 
properties  are  as  folbws: 

1.  It  is  insoluble  in  cold  water^     Bj  trituration  Ihe  prepmick 
inulin  is   uniformly  diffused,    and  gives  the  liquid  a 
luilky  appearance  ^  biit  It  soon  falls  dowa  in  the  state 
of  a  white  powder,  leaving  the  liquid  quite  transptresit. 


•  Cchlfln*t/*w.  tv.  319, 


ftt^v,  2,  it  diijolvea  readiljr  to  hot  wmter.  One  ptrttf 
ioitlin  m  four  part«  of  bailing  water  formed  i  nlatiQi 
wKieh  pufsed  readily  through  the  filter^  though  ittca^ 
sisrence  wa$  somewhat  muctlagiooas^  and  it  wiim 
quite  transparent.  After  some  hour*  the  greaitf  pm 
of  the  tnultn  precipitates  from  the  water  to  the  focB  d 
%  white  powder.  An  equally  coQcentrAted  soktifmif 
gtirn  arable  is  mttth  thicker^  strid  more  ailhesm, 

3.  When  the  aqueous  solutioo  of  inolin  ii  ofari 
with  on  equal  bulk  of  alcohol^  no  change  takes  ]4aa 
for  some  lime,  but  the  inultn  »oofi  separitesi  aiod  bJk 
to  the  bottom  in  the  state  of  a  bulky  white  powder*  A 
solution  of  gum  atmbic,  when  treated  in  this  fnam 
,  remains  milk  white  for  dajs  without  uiy  precipit&it 
falUng. 

Heif  4.    When  thrown  upon  burning   rofila  it  melts  ai 

readily  as  sugar,  and  emits  a  thick  white  smoke,  an 
tinpleasantly  pungenti  and  similar  in  odour  to  tbasof 
burning  sugar.  The  residue,  which  is  but  small, ooks 
into  the  coal.  Starch  emits  t  similar  amoke,  but  Icivn 
a  more  bulky  residue.  When  heated  in  an  irtMi  ipom 
inulln  melts,  and  emits  a  thick  smoke,  with  the  c 
odour;  and  as  soon  as  the  spoon  becomes  red  bot, 
hums  with  a  vivid  flame,  and  leaves  a  very  small  roalf 
residue. 

5»  When  disUikJ  it  yields  a  brown  acid  h<5uut, 
having  the  smell  of  the  pyromucous  add,  but  aot  i 
trnee  df  oil. 

Nitfit  icW.  ^*  When  treated  with  nitric  acid  t e  yields  malic  and 
oxalic  acidf,  or  acetic  acid  if  too  mUch  nitric  add  be 
employed  ;  but  no  saclactic  acid  is  formed,  av  happea^ 
with  the  gums,  neither  is  any  of  the  V9uxy  matter  sc^ 


tMfsfcd  which  ji  formed  whcii  starch  is  digested  ti^hh 
the  same  actd. 

Such  arc  ibe  properties  of  inultn^  as  far  ns  they  ha\^ 
Ijcea  investigated  by  Rose*.  When  the  root  of  ele- 
campane Is  distilled  it  yiekh  a  portion  of  a  tvhite  solid 
miltEtr,  which  seems  to  be  iniermediate  between  cam- 
pbor  and  volatile  oil  in  its  nature  f.  No  other  vtgt- 
table  substance  has  been  observed  to  yield  a  simtim 
product.  How  far  it  is  connected  with  inulin  remaim 
to  be  determined  t 
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SECT,  X. 


OF     STAJICU. 


IT  a  quantity  of  wheat  flour  be  formed  Into  a  paste,  AnAlyiivof 
and  then  held  under  a  very  small  stream  of  water,  wiicatlloKi 
kneading  continually  till  the  water  runs  offfrciro  it  co- 
lourlesSy  the  flour  by  this  process  is  divided  into  two 
distinct  constituents,  A  tough  substance  ot  a  dirty 
white  colour,  called  ^ttften,  remains  in  the  hand ;  ihe 
water  is  at  first  milky,  but  soon  deposites  a  white  paw- 
der,  which  is  known  by  the  name  of  starch*-  A  sweet 
tasted  mucilaginous  substance  remains  dissolved  in  the 
water. 

The  starch  obtained  by  this  process  is  not  altogether   Method  of 
free  from  gluten  ;  hence  its  colour  is  not  very  white,   "*''^^S 


•  Gchlco's/wr^iiLaif. 


t  Netinun't  dim,  p«  440* 


J^tk  iv.    and  if  hM  not  that  fine  cr/siaUix^ed  s^jpcarmnce  wimSk 
diuinguishcs  the  starch  of  commerce* 
empkjr  «  more  economic^]  and  moie  eflkactovi 
Good  wheat  is  allowed  Ui  neep  in  cold  witer  lillilk. 
cmnet  toff,  and  yields  %  milky  jiiios  wbco  Hfintaid. 
h  ii  Uien  taken  out  of  the  water  i  pol  into  coarfcIiMa 
aaelu,  whtcli  are  subjected  to  pre^aura  in  i  vatilil 
vrhh  water ;  m  milkj  jiiice   containing  abttadiace  tf 
tiarch  exudes,  and  mixea  wiili  the    wAierof  them 
Thit  process  is  repeated  as  long   m%  ibc  wheal  jieUi 
an  J  milky  juke*     The  sack  and  ita  contents  anc  tka 
fcmoved.     llie  starch  soon  falls  to  tha  bottooi  af 
vat  I  and  the  witer  which  covers  tf  gradually  leraicalii 
in  consequence  oC  the  substances  which  it  boldsuiia- 
lotion.     Alcohol  and  vinegar  are  formed  in  it«  panlj^ 
no   doubt  at  the  ex  pence  of  the  starch*     The  vinejprt 
thus  formed^  dissolves  all  the  imporittct,  andleaveino. 
thing  behind  but  starch.     It  is  then  poured  off,  aodthe 
starch  edulcorated  with  water.     It  U  after wanUdml 
by  a  moderate  hcHt.    Daring  Uie  drying  it  usually  sylin 
into  small  columnar  masses^  which  have  a  coitiiikfaUi 
degree  of  regularity »     l*be  water  which  l&aa  stood  an^ 
the  starch  was  analysed  by  Vauquelia,     It  contaJM  i 
cfldsidcrablc  portion  of  alcohol  and  of  aceuc  actd.  Jk( 
acid  holds  in  solution  gluten  son^sirhal  utiertd^ 
phate  of  lime,  and  ammonia  ** 

Sinrch    wai   well   known   to  th«  anci^ntc.      Plinf  ^ 


11.737.    The  rcider  wiH  find  •  dctcftption  of  iht  procvk 
#ttr  ni«nafietarcr»  in  making  turch  tn  fil^  JII^f .  sau.  i^. 


'STAKC1I. 


toi 


I 


foritis  m,  ihat  ihe  metbod  of  obtaioing  it  was  first  in-     Chif.1*^ 

vented  by  ibc  inhabitants  of  the  island  of  Chio  ** 

1<  Starch  Imt  a  fine  white  colour,  and  is  Ufually  con-  Propmio, 

cretcd  in  long  i  ah  mas  set ;  it  has  scarcely  any  smell,  and 

very  little  taste.     When  kept  dry,  it  continues  for  a 

locig  lime  uninjtired  though  exposed  to  the  atr. 

2«  Starch  does  not  dissolve  in  cold  water,  but  very   ActJoBof 

-  .  -  ,      water, 

90on  fi^ls  10  powder,  and  forms  with  it  a  kind  of  emul^ 

sion.  It  Gombincs  with  boiling  water,  and  forms  with 
it  a  kind  of  jelly,  which  may  be  diffused  through  boiling 
wattr  ;  but  when  the  mixture  is  allowed  to  stand  a  suf* 
ficient  lime,  tlie  starch  slowly  precipitates  to  the  bol* 
lorn.  This  subsidence  takes  place  even  when  Qo  parts 
of  water  are  employed  to  dissolire  one  of  starch  ;  but  in 
that  case,  at  least  a  month  elapses  before  the  starch  be* 
gins  to  precipitate.  This  solution  (if  it  be  entitled  to 
the  name)  is  glutinous  in  proportion  to  the  quantity  of 
starch.  If  the  quantity  be  considerable,  linen  dipt  into 
it,  and  suddenly  dried^  acquires  (as  is  well  known)  a 
great  degree  of  stiffness.  When  the  solution  ts  evapo- 
rated to  dryness,  a  brittle  opaque  substance  is  obtained^ 
dt0ering  in  appearance  from  common  starch,  but  exhi- 
biting nearly  the  same  properties  with  reagents*  Hence 
the  apparent  dilference  is  probably  owing  to  a  portion 
of  water  icmaining  united  to  the  boiled  starch.  When 
the  solution  of  starch  is  left  exposed  to  damp  air,  it  soon 
loses  its  consistency,  acquires  an  acid  taste,  and  its  sur- 
face is  covered  with  mould* 

3.  Starch  is  so  far  from  dissolving  in  alcohol,  even   Ak<#hoJ, 
when   assisted   by   heat,  that  it  docs  not  even  fall  to 
powder.     Neither  does  starch  dissolve  in  ether. 


^  Lib*  sviii.  ca[>.  7. 


d 
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Boek  IV.  4^  The  action  of  oxygen  g«s  and  of  the  nmplecQ^ 
bastiUes  and  axote  apoa  starch,  has  not  been  ezaouad, 
but  it  ii  probable  that  it  is  not  remarkable* 
.  5.  The  metals  seem  to  have  but  little  actioo  m 
starch  ;  neither  does  it  combsoe  with  the  metallic  oi. 
ides  ;  at  least  none  of  the  metallic  salts  which  I  hm 
tried,  have  the  property  of  forming  a  precipitate  wbea 
dropt  into  a  solatidn'of  starch  in  water.  The  (blloa. 
ing  Mrere  the  roe^Uic  salts  which  I  tried.  The  decoe- 
tion  used  was  made  by  boiling  together  one  ptrt  o{ 
starch  and  00  parU  of  water. 

Nitro-muriate  of  gold,  of  platinum 
Nitrate  of  silver,  of  mercury,  of  lead 
Muriate  of  tin  ;  superacetate  of  lead 
Sulphate,  nuuriate,  and  nitrate  of  copper 
Sulphate,  muriate,  and  nitrate  of  iron 
Sulphate,  muriate,  and  nitrate  of  zinc 
Ammoniated  nickel  and  cobalt. 

Dr  Bostock  found  that  acetate  of  lead  throws  down 
a  copious  precipitate  from  the  solution  of  surch  in 
water.  He  obtained  likewise  a  precipitate  when  oxy. 
muriate  of  tin  was  used*.  Hence  it  is  obvious  that 
his  starch  infusion  must  have  contained  a  much  greater 
proportion  of  starch  than  mine  which  formed  no  pre- 
cipitate with  muriate  of  tin. 
EanBt.  ^'  When  lime-water  is  mixed  with  the  same  decoc- 

tion of  starch,  no  change  is   produced,  neither  is  any 
perceptible   alteration   occasioned  bj  strontian  water; 


*  NicboUoQ*!  /#vr.  xviii.  ^j. 
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but  baryies  water  throws  down  a  copious  while  flaky      Chap,  I 
precipitate.     Thh  precipittlc  is  redissolvcd  hy  mtitU 
«tte  add  ;  but  appears  again  on  standing,  unless  a  con- 
siderable excess  of  acid  be  employed.     Yet   muriate 
barytes   occasions  no  change  in   the   decoction    of 

rch.    Silicated  potash  occaslcna  no  precipitate  in  this 

fcoctfon. 

'  7,  When  starch  is  triturated  with  the  hot  infusion  of  infuibnof 
itutgalls,  ft  complete  solution  is  effected.  This  solution  *"^ 
ia  transparent,  and  rather  lighter  coloured  than  the  in* 
faston  of  nutgalls.  When  this  solution  cools  it  becomes 
opaque,  and  a  copious  curdy  precipitate  falls*  A  heat 
of  120^  redissolves  this  precipitate,  and  renders  the  so- 
lution transparent,  but  the  precipitate  is  again  deposi- 
ted when  the  solution  cools.  This  property  I  consider 
as  characteristic  of  starch.  The  infusion  of  nutgalls 
throws  it  down  from  every  solution,  but  the  precipi- 
tate is  redtssolvcd  by  heating  the  liquid  to  120^  *, 

This  precipitate  is  a  compound  of  tannin  and  starch,  Tanntteof 
mud  the  constituents  are  capable  of  uniting  in  various  *t>''^ 
proportions  ;  but  it  is  least  soluble  when  deposited  from 
the  solution  of  24  grains  of  starch  in  a  half-ounce  mea- 
sure of  the  infusion  of  nutgalls,  made  by  boiling  toge- 
ther two  parts  of  water  and  one  of  nutgalls.  In  that 
case  it  is  composed  of  about  three  parts  starch  and  two 
tannin.  The  whole  of  it  does  not  precipitate  ;  about  Jth 
Tonains  in  solution,  seemingly  contaiiiicg  an  excess  o£ 


•  Df  Boitock  refiiici  to  admit  th?i  property  «f  the  infttiion  of  nov 
galls.  Had  he  repe»&cd  the  experiment  af  I  h^ve  liescribcd  it.  or  htd  be 
examined  the  effert  of  the  infunoo  of  nutgall*  on  woiti  of  diffcrcut  kiadii 
be  would,  1  have  no  douM,  have  accadr^^to  my  of  iruof). 


704  moaeoiEiixs  or  rLAimr* 

taantn.     Tliii  compotiod  of  tUrcli  and  taiuilfi  a  li  I 
light   brownith  yellow  eakmt,  tcmitrtniparcaii  «ii 
bfitll^  ttnd  baft  a  good  deal  of  rciemblftiiee  to  coataM 
sarcocolK     Its  taite  ti  MtriogcnU      It  foek  flutioiB 
between  (he  tceiU  like  guai.      In  cold  water  it  dutatm 
wry  imperfectly,  but  very  coiiioailjr  aoJ  readily  k  bvi 
water.     Alcohol,  wLeo  digested  un  it,  acquires  a  bmn 
colour,  but  if  incapsblc  of  sefMiratisig  die  whokofik 
tannin  from  the  starch.     When  ibU  compoixod  is  heski 
It  frothi,  swells,  aiid  melts,  and  then  borna  with  a  ^u 
flame,  leaving  beliind  it  a  small  portion  of  white  a 

Actkiotif  *•  Wficii  potash  is  triiurated  %ritli  atarch,  andafelk 

water  added,  the  whde  as^sumes^  on  atandiiif i  the  a^ 
pearance  of  a  semitmnspArcnt  jeUj*  On  addlaf  wUcr, 
au  opaUcoloured  solutiou  is  obtained,  fronti  wbiah  i1i« 
starch  is  readily  thrown  down  by  ati  acid*  Wheo  bus* 
riatic  acid  is  employed  a  peculiar  aromatic  odowisia* 

haled.     When  the  infusion  of  galla  is  r* -toibeiii^ 

lutiou  of  starch  in  potash,  a  yellowi&h  it^fimt 

appears,  but  is  tmtncdiatcly  redissolved,  and  the  rtqasl 
lemains  opat^ue,  and  of  a  dark  brown  colonr.  OnaM. 
ing  muriatic  acid  a  copious  precipitate  appears,  fioiilir 
to  the  compound  of  starch  and  tannin  ;  but  nitrk  add 
occasions  no  prircipitate,  neither  does  aisimciai^ 

The  decoction  of  starch  is  neither  aliared  by  poias^i« 
carbonate  of  potash,  nor  ammotiia, 

tf  9d4k  ^*  When  starch  is  thrown  into  any  of  the  flDiofml 

acids,  ^t  first  no  apparent  change  is  risible  :  Bat  tf  « 
attempt  is  made  to  reduce  the  larger  pieces  while  in 
acids  to   powder,  I  Ley  resist  it,  and    frrl   rrctctfmf^r 
t  adbesiYe.    Sulphoric  acid  di 


jgh 


and  at  the  same  time  a  smell  of  su) 


ted  ;  and  such  a  quantity  of  charcoa. 


STAEC9* 


sscl  coDtaining  the  mixtore  maj  be  inverted  without     Ch^^i. 

illing  any  of  it.  Indeed  if  llie  qiMnlity  of  stardi  be 
sufficient,  the  mixture  becomes  periettly  %6\id*  DH ti- 
led si2lpherie  acid  does  DOt  act  scn«ibly  on  starch  while 
cold  ;  but  when  heated  it  dissolves  tf  completelyp  apj>3* 
rcntly  wiUiout  decomjJouiimi,  as  the  starch  may  be  a- 
gatn  thrown  down  by  means^  of  akoboL  Sulplinrout 
acid  has  no  effect  upon  starch. 

Diluted  nitric  acid  reduces  starch  to  powder,  and  then 

Kowly  dt&solves  it  withovit  the  assistance  of  liear.  The 
rid  as&un\es  a  green  coloor^  and  a  sq;iall  portion  of 
rhite  matter  swims  on  the  surface,  on  which  the  acid 
oes  not  act.  Alcohol  throws  down  the  starch  from 
this  solution  *.  Concentrated  nitric  acid  dissolves 
starch  pretty  rapidly,  assuming  a  green  colour,  and 
emitting  nitrous  gas.  The  solution  is  never  complete, 
nor  do  any  crystals  of  oxalic  acid  appear  unless  heat  be 
applied.  .In  this  respect  starch  differs  from  sugar^ 
which  yields  oxalic  acid  with  nitric  acid,  even  at  the 
temperature  of  the  atroospherc.  When  heat  is  applied 
to  the  solution  of  starch  in  nitric  acid,  both  oxalic  aod 
malic  acid  are  formed,  but  the  undissolved  substance 
still  remains.  When  separated  by  filtration,  and  after« 
vrards  edulcorated,  this  substance  has  the  nppearance  o'f 
a  thick  oil,  not  uuhfce  tallow  ;  but  it  dissolves  readily 
iji  alcohoL      When  distilled  it  yields  acetic  add,  and 


i  . 

^^^^  ^  Vauquclm  hu  btcty  applied  this  property  of  nitric  srid  to  detect 
^^^■pcll  in  vegcimbiesi  He  3tf citfd  the  subiuzice  uodcr  eiatniiiackMi  tA 
^^^Kted  liirr  r  acid  for  two  days,  and  then  [toured  lato  the  tolution  ftlcobol 
^^       ittrch  p  re  c  j  piutcd.    S  cc  4«»*  rfr  C4//M.  Ir ,  iS. 

I  Vo/. /r.  Yy 


^ 


tiraEiDi£KrTs  or  ruurrs. 


B  jok  IV. 


orAMioi* 


ortae^ 


an  oil  htiriiig  the  smeU  ami  Ilia  oouiilcacx  ot  ui. 
low  ^. 

Strong  maflalic  tetd  dissolTct  stsrch  ilowl;  «1 
wkhoat  cfiervescence.  When  the  fUrch  docs  ooi ex. 
cccd  Vir^^  ^^  ^^  ^^^^1  ^^^  soliitioa  is  colcmrlati«i 
trausparent ;  bat  if  wc  contintie  to  add  fUrcb^  a  hcsii 
coloor  soan  appears,  and  the  acid  losea  a  pontoa  af  in 
Uqoiditjr.  lis  peculiar  smell  is  destro/edf  t 
hy  tbe  odour  which  maj  be  pcrosiTcd  in 

Acetic  acid  doea  not  dissolve  starch*  I  hava  ootaied 
the  action  of  anj  of  the  other  acids* 

10.  Alcohol  aeparntes  starch  in  pari  from  its  deea^ 
tton,  A  solution  of  potash  io  alcabol  occasloat  a  es» 
pious  white  precipitate,  which  ia  redissoWed  <Ni  adUiiif 
a  sufficient  quantity  of  water.  A  tolution  oC  salphatsl 
of  potash  in  alcohol  occasions  a  flaky  precipiiait  sa  tks 
decoction  of  starch.  This  precipitate  baa  somc^oHaia 
orange  colour. 

11*  Wbca  starcli  is  thrown  upon  a  bot  mm,  ilaiilt% 
blackens,  frolfas,  swells^  and  burns  witb  m  bright  flatts 
like  sugar,  eaQitting  at  the  aame  time  agreaidBalif 
smoke  ;  but  it  does  not  explode,  nor  has  it  thai 
aJBell  which  distinguishes  burning  stigmr. 
led  it  yields  water  impregnated  with  an  acid^  mpfmi 
to  be  the  pjromucous,  a  litde  cmpjreuiiiatic  oil,  aad  a 
great  deal  of  carbonic  acid  and  carbureted  hydtogmp^ 
The  charcoal  which  remains  is  easily  dissipated  wbo 
set  on  fire  in  the  open  air  ^  a  proof  that  it  cofHatBSfeqr 
little  earth. 


Such  are  the  properties  of  wheat  starcbi  as  far  as  I 
have  examioed  them* 

12*  Starch  is  contained  in  a  great  variety  of  vege- 
Uible  substances  j  most  commoDly  in  their  seeds  or  bul- 
bous rootSy  but  sometimes  also  in  other  parts.  Mc 
Parmentier,  whose  experiments  have  greatly  contribu- 
ted towards  an  accurate  knowledge  of  starch,  has  given 
lis  th«  fallowing  list  of  the  plants  from  the  roots  of 
which  it  may  be  extracted  .- 


Chip.  I. 

Plmnts  C041* 
tajiiing  it. 


Arctium  lappa 
Atropa  belladonna 

k    Polygonum  bistorta 

■   Bryonia  alba 

Colchicum  autumnale 
Spirs^a  filipcndula 
Ranunculus  bulbosus 

I   Scrophularia  nodosa 
Sambucus  ebulus 


nigra 


Orchis  morto 


Imperatoria  ostrutheum 
Hyoscyamus  niger 
Rumex  obtustfolius 
— ^^—  acutus 

^-  acqoaticus 

Arum  maculatum 
Orchis  mascula 
Iris  pseudacorus 

fcetidissima 

Orobus  tuberosus 
Buuium  bulbocastanum 


It  is  found  also  in  tKe  following  seeds : 

Oats  MiUct  Peas 

Rice  ChesQut  Beans 

Maxe  Horse-chesnut  Accra 


Indeed  the  giseater  number,  if  not  the  wholci  of  the 
vegetable  seeds  employed  by  man  as  an  article  of  food^ 
consists  chiefly  of  starch.  But  that  substance  is  always 
combined  with  some  other  which  serves  to  disguise  its 
as  sugar,  oil,  extractive,  &c.  It  is 
Yy  2 
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Book  IV.  only  by  processes  similar  to  those  described  in  the  be 
ginning  of  this  Section  that  it  is  extracted  from  th«e 
substances  in  a  state  of  tolerable  purity.  The  follow, 
ing  substances,  which  may  be  considered  as  varieties  of 
starch,  deserve  particular  attention. 
Potato  *•  Potato  Starch. — When  t!ic  potato  is  grated  down 

**"^**-  to  a  pulp,  and  placed  on  a  fine  scarce,  if  water  be  pow- 

cd  on  it,  a  great  deal  of  stitch  passes  thoogb  the 
meshes  of  the  scarce,  and  may  be  collected  in  proper 
vessels.  When  washed  wiili  water  and  dried,  it  as- 
sumes a  fiive  white  colour,  and  possesses  all  the  essen- 
tial properties  of  starch.  Indeed  it  goes  much  farther; 
a  smaller  quantity  being  sulTicient  to  form  a  thick  paste 
with  water  than  is  required  of  wheat  starch.  It  has  a 
very  perceptible  crystallized  appearance,  and  is  much 
hv^avicr  apparchily  than  common  starch.  It  is  not  like- 
ly  therefore  that  it  could  be  employed  with  the  same 
advantage  as  a  hair  powder, 
^jgo.  2.  Sago, — This  substance  is  extracted  from  the  p!:h 

of  several  species  of  palm  in  the  Moluccai",  Piiilin. 
pines,  and  other  East  Indian  islands.  The  palm  is  cut 
into  pieces  of  five  or  six  feet  in  lcn;Tt!i  ;  tlie  wocc^rp^rt 
is  cut  olV  one  side,  exposing  the  pith  I^inp^,  as  it  were, 
i;i  the  hollow  of  a  caiioe.  Cold  v/at^r  is  poured  in, 
ai'.d  the  j)iih  wJi  stirred  ;  by  wliicli  int  ans  the  srnrchis 
se]>:'.ratCvl  from  tlie  lihrous  part,  and  p-j-.scs  llirou-Ii  witJi 
the  watei  when  the  wliole  is  tlaown  on  a  seaicr.  The 
sa-To,  thus  separated,  is  allowed  to  settle  ;  the  water  is 
poured  off  5  and  when  it  is  half  dry  it  is  f;ranuinted,  bj 
btiiit;  forced  ilirough  a  kind  offunncJ.  It  is  said  lo 
ac(]uirc  its  grey  colour  while  dried  in  an  artificial  heat. 


^HiIs  substance  is  employed  as  an  article  o{  food,  and 
its  nourishing  properties  are  well  known  *. 

3#  Saiop* — ^Tltis  substance  comes  from  Persia  %  but 
is  said  also  to  be  manufactured  in  Europe.  It  is  sup. 
posed  to  be  the  prepared  roots  of  different  species  of 
0ri'bh^  as  the  mono,  mascula^  ht/oJui,  pyramidalU*  Ac- 
cording to  Moult|  the  bulbous  roots  of  these  plants  are 
deprived  of  their  cuticle,  baked  in  an  oven  for  10  or  12 
minutcSf  which  gives  them  their  semitransparency,  and 
Ibeo  fully  dried  in  a  moderate  heatf.  Like  sago,  Sa- 
lop j$  used  only  as  a  nourishing  article  of  food.  It  i 
said  by  Dr  Percival  to  have  the  property  of  concealing 
the  taste  of  salt  water  X* 

4-  €ai/ava  is  prepared  from  the  roots  o{^thc  jatropbm 
maaSfat,  fin  Ameiican  plant.  They  are  peeled  and  sub-> 
jected  to  pressure  in  a  kind  of  bag  made  of  rushes^  The 
juice  that  is  forced  out  is  a  deadly  poison,  and  is  em- 
ployed by  the  Indians  to  poison  their  arrows  ^  but  it 
depoutes  gradually  a  white  starch,  which  when  pro- 
perly washed  is  innocent.  What  remains  in  the  bag 
consists  chiefly  of  the  same  starch*  It  is  dried  in  smoke, 
and  afterwards  passed  through  a  kind  of  sieve.  Of  this 
substance  the  cassava  bread  is  made. 

5-  Sowans. — This  very  nutritious  article  of  food  is 
inBde  in  ibis  country  from  the  husk  of  oats,  by  a  pro- 
cess- not  unlike  that  by  wrhich  con>mon  starch  is  made. 
The  husk  of  the  oat  (called  urds)  is  separated  from 
oat-meal  by  the  sieve.  It  still  retains  a  considerable 
portioo  of  farinacebus  matter*     It  is  mixed  with  water, 


Forest"*  Voya^f^  p,  39» 
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and  allowed  to  remain  for  some  dajs  till  the  witcrhai 
become  sour.  The  whole  is  then  thrown  i^kmi  t  acfc 
The  milky  water  passes  through  ;  but  all  the  hnsk  re- 
mains  behind.  The  water  thus  obtained  is  loaded  with 
starchy  matter,  which  soon  subsides  to  the  bottoa. 
The  sour  liquor  is  decanted  off,  and  about  an  cqul 
quantity  of  fresh  water  added.  This  mixture  wiiei 
boiled  forms  a  very  nourishing  article  of  food ;  tad 
the  portion  of  the  sour  water  which  still  adheres  to 
the  starch  gives  the  whole  a  pleasant  acidity. 

It  is  curious  enough  that  the  starch-maker's  witei 
notwithstanding  the  great  quantity  of  acid  which  ii 
contains,  and  likewise  the  still  sourer  water  of  sowao^ 
are  swallowed  greedily  by  hogs.     They  fatten  uposil 
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